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(54)Titlc: ALIGNER AND METHOD FOR EXPOSURE 



(57) Abstract 

Two stages (WSl, WS2), each of which supports a wafer, can individually move 
between a position information measuring section (PIS) below an alignement system 
(24a) and an exposure section (EPS) below a projection optical system (PL). While a 
wafer is replaced and aligned on the stage (WSl), a wafer (W2) is exposed on the stage 
(WS2), The position of a wafer (Wl) in each shot region on the stage (WSl) is found, by 
the section (PIS), as a relative position to a reference mark formed on the stage (WSl), 
The information about the relative position is used for alignment in relation to an 
alignment pattern, when the stage (WSl) moves to the section (EPS) and the wafer (Wl) 
is exposed. Therefore, the position of the stage need not be monitored continuously 
during movement. By parallel processing of exposures using the two wafer stages (WSl, 
WS2), a throughput can be increased. 
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©7x-v©t!jit^$iJ® LfemiC. HulBf^ii^S ( 2 0 1 x 2 2 ) 
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L T BfFiB - © X - V h ^ CD S t£ X X - V © {uS ^ A X. 

^mmmm (28) t^^t^o 

(f. 77-<^>hi^) (WA) llcfcS^-'i'^aiiftit/J^fffe^Sck'^lIx 
^)$H-vXxA (2 6) ©itilJlS^^-^ b^^s 2o(D::^x- vOK 
tt^^'ifSl^ tLfc!*llx (2 0 K 2 2) A<$iJ^^tix 

fiiS © A ti § X. ^ 13 ^ 2 {ie iz: & 5 X - S/* ± ^ fE; S t5 © 5^ )^ 

^ ti ^ ti5 Pb^ II s ^ X - y ±T: -7 - ^ ^ 
tJil^ {mx\t. yy^i^^vm (WA) l;:J:5 7-'^7^aii!)^'P^>tli^f 

±iBll7fe^mi3fct>T. Bfrl5^P$lti>XxA (2 6) li. MIB^I^^ 
(PL) ©JSj^4"i:vT:fflSlc:Siil-^M1-§^ 1 iJft^ ( X e ) ^ 
t/^2)SiJ«$4 (Ye) MIBV- -i^^ib^ (WA) © ^ tli T ffi S 
\Z^M.[Z.^mt^%Zm^n (Xa) JLt/m4)IiJ^$4 (Ya) t^%X 
rct<x HuiB$iJfSi^fi (2 8) (ix MiB-:&i:fft^©^x-v©{ul^ 
AtiM^SI^I-x MIB^)$ltv;^xA (2 6) ©;im$ft (Xe, Ye, 
X a, Y a ) ^ U -b <y Vt^Ztt^^^ Ut^o 3©<fc d 13^^1+i^^x 
A&i;$iJfi^S^*gfifeti>z:i:IIcl:'9x T)$ttf>;^xA (2 6) tK^ 
^%^7h (PL) ©^^4"i:^T:t§i:(lSlil355^-r5^ 1 (X e ) 
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Z^ra2)IiJft$4 (Ye) ts y'-^^iB^ {7^^)^>hm) (WA) 

o^th^'ty-cmRizmmiz^mt^msm^n (xa) Rum^m^ti^ 
l^■rtla)h$l3fct^rt. 7 <atfi;^x- V (ws i . w 

S 2) 0D&S^iE5ilz:t?i-r-5 3^tfT§5o $iJ^^S (2 8) 

2 6 ) ® jflijft$4 (Xe, Ye, Xa, Ya) ^ Z tiJ^ i s 

6) <D)SiJ:R$4 (Xe. Ye, Xa, Ya) ^'J-fe'V h "T 5{iLS?S:i^A6m 

*f60^®^6©^«llz:fitx.(ix (PL) «:^LT^J5SS« ( 

33 UT. MStS (W) feiS*#LT2;i57C^®l*l«:^»Jbx SipT-i? 
A^^©a®l3JT^fi£^^fc^ 1 (WS 1 ) ; IS^JSS^S (W) 

^iSJ^LTMIB^I (WS 1 ) i:|5l-^ai*ifesfiiB^1S 

(WS 2) h ; BulBJSI^^^^ (PL) timmi^XtSLlf 

(WA) h ; MIB^I S4fiXx-y;Rt/^2S*5;^x-va)2;5:7c{u 
tt^^;h<?tLit)lJt5rc4i{)CD^>$it>:^xA (2 6) i:;filB2o(DS 



4 
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Fd3T'i^®]^-tti>^t!)^« (20U 221) t : m ^ a4fi;^x-v (W 

s 1 ) ^t/^ 2S+fi;^x- V (ws 2) 0i*io-:&©;^x-y0iifi*^ 
B(riB^)$l+v:^xA (2 6) iz:J;'5ts^tix i^-:&a)Xx- 

(W) lzmt^^B%^^ (PL) 4ifhLTn^->A<S 

^^tisfeiiw. HfiiBmi f>';&t/^2S*s;^x-5>'(Di*i©ffe^ 

(DXx-S/'±T^f&S=f5 (W) (D^^St/|friB{SJiEiSt& (W) ±©77 

IBV-^^ttl.^ (WA) 0!)^tiilSmhBlIIB^)$lti/:^xA ( 2 6 ) ©It 

2o(DSt5;^x- V (WS 1 , ws 2 ) St/B5IB^i)^S ( 2 0 K 2 
2 1 ) BulB2o©;^x-S/-©iil1tA^i:'fe,(c:*l7U 
rz'^lZ. |ulB2ocD;^x-v"±T:^ft>ti5l«)^tA^Ati^^S«):a izix fT 
IB2o©;^x-vi:BfrlBi^li)^mi:«:$'J^1"i.$iJ^^m (2 8) 

:;^x-i>"±i:^);t>ai5 (w) (D^^Rxf^cDi^Wikoymiit:^^^ (w) ± 
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T-^^lfJ^. (WA) CD^ttSlSmi:^)Wv;^xA (2 6) (Dtmmt 

(ws 1 , ws 2 ) Rifumm^ ( 2 o k 2 2 1) mm^ 

fS\Zs -■^(D7.7'-V±l:^-<7^ih^ (WA) II.i;§T-^^£bi!lf^ 

Bfi£^*ife'7;^^ (R) ^MiiiS!it> B9iBT;^^> (R) izBaSi^hrzi^ 

^->0)ikB%^m (PL) l3j;S^$:Buiem 1 S<SXx-v (WS 1 ) 
;Rt/^2St5;^x-> (WS 2 ) ±(7)^JiGgt5 (W) lZ^B^hiJ:o 

*^s^0)ll7\i^Sl3fcH\r> BulB^iiitvXTA (2 6) its buIBIS 
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(PL) a)is^4"C>T*isic:sisi3S^-r5m i ( X e ) 

-B>.XfW,2m^^ (Ye) iis Buiev-'i'^iiJ^^ (WA) (D^itl4"DT*a 
i:(lSifilI^I|-rsm3)|iJfi$|!| (Xa) ;RI/^4«iJft$ili (Ya) 

tl. mmu'^m. (2 8) li. mi^i'ooT.^-v (ws i . ws 2) 

(2 6) (0^1 ;Ri;^2)IiJ:il4 (XeSlfY e) ^U-fe'V h Lx 8^15^ 

2{u^'^CDi^i!)(D|^l3B^riB^)$ttv;^xA (2 6) 3Xl/||4)IIJ:g 

Hi (Xa;&t/Ya) ^U-b'V S f 5 3 L Uo 3® J; ^ 

-Bimm^m.-kmiSLti,:.t\z^ ^ . ^)$i+5>;^xa ( 2 6 ) 

%^Jh (PL) ©^^tt^'C^-CffiSICSiSIISiSM-rsm 1 (Xe) 
Ziirm2)l^«l (Ye) ts -^-^^^Jk (WA) ©tttii^'l^^-C^iSlI 
SeiIii!EltS^3>IiJ«$fi (Xa) JRl/^ 4 (Ya) i:«:li;ir 

L\ i, 3 1 e> X }Sj^3fe;^^^/M^-c(Diii$iS*5±^royt 4^ - xo^^tu^ 

Ttv 7 -j^om^tai^^T.'r-V (WS 1 , WS 2 ) ©iiS«:iE«t 
mai-S3i:A<-r'$5o ^tz. SiJfi^g (2 8) 2^©:^x-v 

(WS 1 , WS 2) cD^ti^ti[3ot>T> ^1 {ia^©^i!ja)Kic^)$ 

ItvXxA (2 6) ©^1 ;5tt/^2)IiJ^i& (Xe^it/Ye) & U t h 
Lx l|2{il'N(Z)if$i!)(Z)Pgl3T;$ltv:^xA (2 6) 3 ;5i 1/^4)1 
(Xa;Rt/Y a) ^ U -fe ht^ 3 i:/)^e>> l>-rtiG)StiR::ix- v 

X X - V 0 ii g 1 Ji U T t ^ ^ It > X X A 0) ;IiJ $4 - B ii)] tl T t 



wo 98/24115 



PCT/JP97/04350 



28 

*^B^cD^7fe^®(::fcHNTx BfrlBT:^^ (R) ©m^ - >©isf^3lfc^ 

^lulBv;^^ (R) iiHulBiSi^Tt^^ (PL) ^'ft-LZ^ihti^-'!^ 
{uS^iUSI ( 5 2 A, 5 2 B ) ^miZ^t^Zttmt LUo A^A^SJi 
JS^^!?:?^ (PL) (DiSiBmm-^^^T.T'-^y ( 1 8) ±© 

® X' - t -7 ^ y t ^ - > *iC^ i: ©iiSgi^ di nj 

#gi:&StiLmilSt5:^x- V (WS K W S 2 ) ^lufiJ^to L/cl^lCs 
T-^iiS^tiiSs ( 5 2 Ax 5 2 B) 13 J; 19 T;^^ (R ) ®M-^->^ 

(D^fig^4"i:^^:gt5;^x-v±cDS^iT-'^7 iKD&MHH^^TX^ ( R ) 

ii^fif^Tfe^* (PL) i:$:^Lr^ai1-S3i:A^T$i>o 

It. ikB9i^^ (PL) (7)^l^^lil*l-Z:S^fi;^7^- V (18) ±(Df/r^ 

h J5: -5 J; -5 Iwf 5 A^M * L u o 

±lBg7t^g(cfcurx i»iB#Stfi;^x-v (WS1, WS2) /)<x 

(WSl a. WS2a) hx ::cD*f!^ (WS 1 a. WS 2 

a) ±(c:Sfliig4lc:JSIIc$tiStS&«J^tSS*&f*}#gU** (WS 1 b. 

WS 2 b) ii^^Lx i^a^SfSI^SP^ (WSl b, WS 2 b) CDiSmil 

1 ± ^ If ffl S It ® j!)^ IS 1 1 6 ti M o BU IB a *5 « ^ *t 0 ± ® I C ( i S Y - 
^ (WMx RM) /)<ff^/5fe^ *lTL^i>i^^l;li^ BUl3f$i!)^M ( 2 0 1 X 

2 2 1 ) A<x B5iB*4fi:^x- v®<tt)'5lz:fii3S*fi«J$g|l^«:BlIIB^±t!l 
j^FB^Tr^ij ^ -y: 5 «k ^ 13 LT t ^ u o 

;Ry^'^3{iS0 31fe/^Fp^ (X(^mH3igi:m2i]iSi:©FI) Tx ^)$H- 
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□ m*«vh7-A(201>221) l3J;oTfi^fi)c*tLTt^Tt^t^o 

^^ai^^ (WA) iz. ^h^hTBtuzj:^m^(D&mttj:^m^^ ( 

14X, 14Y^ 18X, 18Y) ^rn'OnifC'^^lU ZOm^^lZlt. 

A<ISItbtlTL^fcA^ BUi2^ 1 V (w s 1 ) si/m2Sis:^ 

x-i; (WS2) (Difedx iiFE;at5^:iSJ$Lrflyi3 2o©S*S;^x-y 

:^%B^(Dm7 (DmmzVtTiit. (R) ©M-^-XT)^^^^^ 

(PL) m;-5^^i^f£;S«i (W1 x W2) ±l3Eil^nfc1il&© 

3^ll^^fil;^}t^Tx (w 1 ) ^^n[^-c DiKTz^mfH^^m 

m^tJ:f^^ (WS 1 ) t ^fSStS (W2) ^i^J^UTM 

IB^ 1 a=fiRXx- V (W S 1 ) i:l^-¥®l*l«:BfriB^ 1 ^VslT^t'-V ( 
WS 1 ) h(iJ4ilw^iljRJig«:m2S*fi;^x-S/- (WS 2) t ; MIB^ 

i^Tt^^ (PL) titmULxmifi^h. B()iBS*R:^T-v (WS 1 X 
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(iWS 2 ) Izm^^tlTzm^^^^ (W 1 XliW 2 ) (D'J>«c < fct,-0(D 

4 a, 1 3 0) ; lulB^ 1 v (WS 1 ) Rlfm2&^X7' 

-V (WS 2 ) ® § >!? (3 ^ I:)- e> ti X ;^x-y (WS 1 XliWS 2) ±11 

(W 1 XliW 2 ) 0®{SS$:iig-ri)fc4!!)0S*SIE 
ij^ (LS) ^ ; MIBIIl (WS 1 ) -RXf^l^^T.^- 

V (WS 2) roi*icD-7?(D;^x- V (0ij^(i\ WS 1 ) TfneiiS'ff^B 

^di^ (2 4a. 13 0) feffltNrciiiS^iilibitA<!fton«>PB^ICx ffeT? 
(DXx-> (<5aii. WS 2) THfliBiS^Tt^^ (PL) $:fflUfe^3fe 

i!)f'^;f3<fT5b4i5J;oi::BulB2ocD:;^x-v (W s K ws 2 ) ^$iJiPU 

tz\k. Ml3-:^©Xx-i'' (WS 1 ) TflfilBlSj^^^^ (PL) 

fc^^i!J^t/)^^Tt)*l5J:^(c^^^lB-J&a);^x-v (ws i ) 

i:i:t.llx BfrlB-^(D:^7^-i>' (WS 1 ) ©iiigti$S^ai + (::f#b tife 

rBiilB-:&a)7x-v (ws i ) (DStfiiEiii^ ( l s 1 ) ^:$iJg$Lr± 

IBS/ 3 'y S^i^O)S)tli#©<ig^t)-a:^llff-rS$iJ{ai^g ( 9 O ) t ; 

^ft)tLS«J;oi3 2o(Z)Xx-yA^$ij^$*i5c:i:/)^e»x -^©:^x-> 

ffiij © - ^7 It )Sy i* ffe © ^ X - V f J © M Tfe t!) ft ^ iDi ff 

I i X ± IB © - :^ © X - y f J © ^ - It )|J ii) ft i: ffe ^ © ;^ X - V ffi'J © § 



wo 98/24115 



PCT/JP97/04350 



31 

7^(D7x->(D{jiM'tf$s^£ii4'i3f#e.nfev3 K^^rosteMti^ro 

(24a) tllri37-7'f / > [^Jh^^^^tz'^-'^^)Mmi'f^(O^S& 
S*I®(7)(uatSfS4^!±Sl--Sfci!!)©m 1 ^ai^ (13 0) ii^r^tCi: 

(ifiii$B^^ai1-i.feto©m 2^ai^ (1 32) ^rUji^ ±IB$iJ®^fi ( 

9 0) (d:^ BdiB^ 1 stRxx-v;Ri/^2S«;^x-v(7)rta)-55®;^ 

-5/^$iJ(» Lfel^> H(rlB-7^o;^x-i/"'CB{lIBJSI^3t^m^fflt^/cM7fe 
Ibf'^ AMt 3b ti 5 J; ^ (I bIJ IB - 7^ © ;^ X - S/' & $|J SBi t- 5 t ic: X IB - 

So'L>TMlB-7^a);^x-v(DS^lEi!)^^ (LS) ^%mbz±m>3 

CD ^ ai *S m ( 3 S L \ r S IE i!) & M I ^ P M L T C& S ^5 a a ^ 
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±tm^m%mmits m^tumsnthtcmmmm (ia) hwlt 

3i:/)<M*U<. MIBIiJil^g (9 0) l±. W^%\^%7s 

;t llTfeii^'P A^ff t) tt § J: -5 13 B(FiB 2 o © X X - V ^ $|J® L Ac^ s siTlB- 
^©;^x- yTMiBiS^3t^^«:ffl t^fc^Ttilft A^^f t>*i5 «t -5 llfllB 

S<S±©^l!l5(COS/3 y K^1^0l*lHfliB^3fe^M (IF) I3WLTMIB<^ 

h^t^^fe^Tfets h$i3iix BtrlB-?Jo;ix-i^'©tiiStf$S1^tli4'i3ff 

btlfcBfUBH 1 ^diip. (13 0) (D^th^^tm%2.-t(D7.7'-iy'(Dm 
^W}Wf^izmhi>ntlsim2^th^ (13 2) a)^ili$S^i:l3S-:5UT 
Xx- V CD affile Sj^ (LS) ^$iJiPLx ^cDffeOva h^t^^llTfe 

1- § § 1 3 1 i IB m 2 ^ th ^ © ^ di m ^ 1 1 ffi t ^ r fl IB - 7J 0 ;^ X - 

vOStSlEi!)^ (LS) ^$iJiP UT±iBv 3 7 h ^ilt(D^7feB$©{iM^ 

K(D^7feB#®iS5j;SS*fia)®{il0if$SA<f#bti4H\E?tfIi^i3WL-c 
1 3 1# e» ti m 1 ^ m ® ^ til m 1 3 s u r 1^ - :^ ffi :^ X - V (© S ^fi 
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:;b;^ • u^'j >'j?"j mm) mith^o moz. \.^tti<Di/3 

(PL) lz:J:5^^!S5)Satfi (W1 XliW2) ±©^|j((7)v3>y 

>Sl3fc^^T. ^f&StS (W 1 XliW 2 ) $rtSl$ L T |S|-0 2 ;^:7c¥i5l*l 

'S:#^3*itlI^il)Rrtfe& 2 0(Da45::^x-v (W S 1> WS 2 ) 

L ; ^IB2o(D;;x-v (WS K WS 2 ) (Dl*l(D-:^(D^x- v (i?!! 

au. WS 1 ) iiisi^^ ti/c«»s«i (0'j^(ix wi ) (D'j>u<tt- 

■rijiStf$lil®ltifi"JA<ff;btlTt>'5PBllIx Btia2o<D:^x- V (WS K 
WS 2) (D|*)£Dife:^(D;^x-i>' (WS 2) ^ tlfe^JiSS^S (W2) 

^KriBTX^? (R) ©yt^->«-eg3feU ; mUi^lS 0) 7. 7" - iy (WS 
2) ®^^lbf^$l7?^x mt^-t(DX7'-V (WS 1 ) li(*^$$*lfci^ 

s ifi ^ ^ 7t 1- s 1^ 1 3 M IB ^ di * til m ts $B 4 ffl u T IB - ^ (D ;^ X 
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-V (WS 1 ) ti/c^fSStS (W 1 ) ©S&g^miltSZi: 

mo)m%m'^to)mi*U}im{zJ: ^ s c:;t^b®i!)^t^S/-'5■>v■^;n;:^T 
(D ;^ X - V ± -e © ilfe^Tii^ft 7 b fcft X - ;^ CD ;^ 5^ - V 13 ^ ti Ac 

I 

®fe«)> zo)-i3 0)7'r->o)m%Wii'^f^iz, ^tiz^m^htzmiiLmo) 

i;: S ^^ T - 75- G) X X - V 13 ft J$ ^ ti f& a^fi (D ® iu® JSf^ 

(PL) lz:J:5^«:<ili&S« (W1 . W2) ±(3}S^1-5C: 

rz$^^m^77"-i^ (WS 1 ) h ; i^p&g^fi (W2) ^m^Lxm^m 
1 sis;^x-i; (WS 1 ) i:i^-¥®i*i*MiBm 1 ats;^x- V (ws 
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(WS 2) t '. MS&ikB^^^ (PL) iiliPSHLT^Itetlx 

iiriB«^fi:^x- V (WS 1 , ws 2) ±(D&m-^ - ^itms&msi7.f- 
-> (WS 1 . ws 2) (disj^^nrci^fss^ (w i , W2 ) ±©7^ 

^ > S x'-'$'^^iilti)'J>«: < ht, 1 oOY-^^ai^ (2 4a) t ; 
MiBi$^3t^^ (PL) ©Iftl^^'ill^iiiliBv'-^^ai^^ (2 4a) (D^ 
ttJ i: ^ >i 5 m 1 llll©-7?<liJA^e>fliB§l 1 atSXx- V (W S 1 ) (D 

MiB^i f47^iS]®ijiSfeitS'j-rs/ctoG)mi (B 1 1 X) iis M 

IBUI lft^lR)«)ft!37^ffl'J/)^bBuiBm2S1g;^x-v (WS2) ©sulBmi 

«15J|nl0tiL«&jiy:l-r5fc«)O[)m2)i:g$|ll (BI 2X) t. BUlBlft^Tt 

(PL) otk^^^'t^vm^m^ntmwz^mt^msmMn (b 

I 3 Y) BtlBv'-^^ai^ (24a) ©^al4"l^^"^r MIBSII lltiiiS 

eii5sMi-sm4iij:iii& ( B 1 4 Y ) t^MTLs ztiiom^n ( B I 

1 X~B I 4 Y) llJ;i9frlB^1 St5Xx-vZit;^2S^::^x-v ( 

WS 1 ;ri^*ws 2 ) (7)2;^;:7cteM^^;h<^tii+)liJ-ri)^)$lt>:^xAh 

ill 4"i:^ ^ )i 5 m 1 lili^lR](3>'aoT^1 m^7.i'-iyRXfm2&^XT- 
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th 05 ^ itj T m 1 ^^tmm^z^^t%>J^'?lzmfii>^z^^^o zo 

tzlsb. 2o(D^m7.7'-iy±{ZBmthrz^m-^-^t^-<P^tii?h^ 

m 1 m^n t ^ 4 j^ife i+)Sij ^ ti . m 2 s«r x x - > o) 2 

7t tiiS *W - ^ ^ ib ^ ® ^ ib * 'i:^ a ic: S ifi II 5s ^ 1- 5 m 2 )fiy «i ^ 

t^ T'Efil II tm ^ 4% S o 

-iy(D2)X7tiiLm.t^^fs&9t^M^B^'t^-c^:s:izmmzt^mtif^: 

m /)< J5 ^ T *i s I z s e 1 3 35 It -5 ^ 2 M i& h ^ 3 /ll Si © ^ )i It 

TE{Slz:it)fi'J^ tLi)o ^iZs m^m^^t$^2mmWt. ±IB©ct'5«: 

s^'ifem 1 ^-:^^^iz^m^^zi\iWtmM^t^^ti^ztiftji^^(DX. 

zti^ mm^(o^mti(Diimmiz&z5 ^,^ r 2 q©si&:^ x - > * v - 

^^tiiJ^i:JS^3t^Sh©PB^^a«f^i!j^#s::i:/)^-e#x m7.lt$^ 1 

©atfi X X - V ■? - ^ ^dJ ^©T 13 ife 5 FbIII X II 2 ©SIR X X - 

jfi^3fe^^^©Ti3iiS^-y:i) z:i:/)<T§x ^*i-e^i©ai5;^x- v±X 

lii^f&SI5±©^-^©^-:J7^aii^l3J:i)tea^ail!ii'^i:x ^^Tt^?: 
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V (ws 1 , WS2) ©F*i)(Z)-:^®xx-s;©mg^MiB^)$ltS/Xx 

A®m3)|iJ:^iai (BI3X) <7)I+/•|lJ^a^fflt^T§SLoo|^-;^0;^x 

AMM^ (BI4X) (Dmmt^F^^^^T^isb. ±iB-:j^©:^x- V© 
i^i^&t&ommkiz^ ^3)sm^ (BI3X) ^ffiurfiti:^©;^^-^ 
0 <u » ^ It u & b ffe © ;^ X - > ± G) S -7 - -i? ^ Hir IB }$ ^ Tfe ^ ^ 

;RU^I|2;^x- v$:$iJ^1-S$iJil^it (9 0) ^ii;iif5o 
mt^F^l^r^t^^tliJ^^lZ2 0(DmWL7^'r-iy(DmWti^Um^h^o 

^p>iz^ $ijffli^siim3a'J:i^a)itS'mfeffit^Tm2atfixx-ya){4 



wo 98/24115 



PCT/JP97/04350 



38 

A< T - -i? ^ iil 0 ^ ili $S m ^ T - •i^ ^ iU ^ © ^ tb a> T m 4 )IiJ ^ 111 (D 
aM^4^dt5Rltgft<4^(3^2S«Xx- vfe^ijU. A^A^SS^T- 

^*ifc (T^'f ^ > h*'l^7 Lfc) m2Sti;^x-v(::-:3ivr(i. 7^ 

a ztt^'simttji^o r&ti-^x 77^ > hi$©^2St5;3^x-y0 

7tB#©m2S*SXx-v©<iLMWa^ff«eoZ:h/)<prigi:&0x ^1 t 
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fe«)®Xx-vSlt®&'J\S^<bt set §x Ctill.*: 0^♦fi:^x- 
v$:'J^Si^b■ri.z:ilA<■Cti>o 

«i 1*1 © S =& S U ffe ^ © X X - s; ± © S m T - ^ {i S 1/ fb ^ 

-^^ai^^ (2 4a) <D5.nmiz^^^mm^^±^z^ih'P>t'^^tlM 

^-<P^thJh (24b) ?&^U> 

TBiB^i iiii^Sitic:55ig-rsig5)aij:^tt (b 1 5 y) ^m^. 

^XxA©BfriB^3)|iJftl4 (BI3Y) ©i+iIim«:fflL^r'§SLoOB^ 

f>-±©SipT - •i' t ©mSMfi^^ IIIiB^ - ^£ii^©^ili^Sm i: BulB^ 
)^i+>;^xA®^4';iij:g$4 (BI4Y) ©lt)SiifiSi:^:fflt^T^to> 



wo 98/24115 



PCT/JP97/04350 



40 

©Xx- v©^^®ftllx MI2^ 5 )lJJ:ia (BI 5Y) ©ItM^ffll'^ 

© (i s ^ fi^ *^ ^ - •i' ^ m ^ CD ^ ai $s ^ i: T - -^7 ^ til ^ (7) ^ ijb 4" T ^ 1 

X - y ±©S^ Wift t ^ 2 stsx X - v±© 7 7 -f p<> h iHif^ ^ A<M 
:lllia) n-jiim €: ffl o^ r ^ 1 S4fi:^ X - Itifi'J boo. M^- 

1 S 15 ;^ X - > ± © g - -J? m 5 )1 :g lb (D It }im ^: ffi t ^ r 7 •)/ ^ ^ 

||&<l|1 at5Xx-v(Z)fiLm^*gli-ri)3i:/)^T§S«fc-5i::«t5o 
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ighJ&Ox m5)IlJftl^(Df^•)lJ^i^ffil^T^7ti^)^tA<$l7L/c^1 s^fi::^ 

ii) h ^ 2 S 45 ;^ X - V ffl'J © ^ ^ ii ft 4 ^ ^ i:: ^ "9 # ^ 5 d i: ^ |g I;: 
c:o)i^^l3*JL^T> flfflB^ 1 V (w s 1 ) &i/friBm2S 

t5::^x-v (WS 2 ) i:OP^TiiJSS45 (W 1 , W2 ) ©SltML«:ff 
&-5ttilj^vXxA (1 8 0-2 0 0) X B9IB$ij®l£gl±x 

HulBSiJ<Dy'--i7^ili^ (2 4b) (7)^dipIlil*ll3MIB-:??CDS4fi^x- 

y±©S^P v-^€:iig^«>Ux HfriB-:i^cD;^x-^"ii^a)i3iSTB;flB 

aSi^vXxA ( 1 8 0-2 0 0) tomn^UO^iifi^L^t^Ztt^ 

L \ T s ij © ^ - ^ ^ m * © ^ ai ^ ^ 1*1 1 1 - ® S IS :^ X - i>' ± ® * ¥ 7 - 

<uglt /I i: iSi Jt^SIS ® 3^5^ i: i& ;^ X - V © ^±t^^ r «c ^ c: ^ 

->(D^W}v^mt^^ttj:^(Diziiui.. %izmmi^rzi^mT i x b#f^t 2 

4 ©ibft ^ ^ 2 SIS X - vliijTr ^T & 5 d i: ^ S © T-a 7. ;u 

h©lp]±^I215Z:i:*^'5Itli:4^5o 

*^B^©JSI^^7fe^g(3fcHNTx BfrlBJSI^Tfe!^:^ (PL) ©^^^isli 
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MK2. MK3) t(D^n{iLmm^tmt^^7.^ (R) tms&ik^^^ 

i^«:^LT^tti-r5V-^{iM^aitS ( 1 4 2. 1 4 4 ) $:Ml3^Uff 

^taih (2 4 a, 2 4 b) (PL) ^ 1 $4:^ 

ffi]<7)-:&{iiJi:ftil^(B'Ji:l3^n^tiE^ri)ct-5(I LT=fe^Uo ^-^^ 

<fe 5^ <D SIS X X - V ± (D iSi StS ^ r ti CD ^ - •i' ^ ib ^ ^ :? T y' 

S T - ;^ as ^ © & m s T ilib ^ it i. 3 ^ /)< -e § S 0 
(WS ist/ws 2) ©^;tx^*i/)<iS^3fe^m (PL) (;:J;§g7tll)it 

iiT-^^ai^^ (^J:i(i2 4a) I3J:5 x'-^^diibf'f h^ff^Sct a 

iix ^•;$itv;^xA (<?ijx.(**>iij:5$iiiB 1 1 x-B I 4 Y ) (Dtim^miz 
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x.i)ck3II^ ^)$ltv;^xA (0a(i)Sy^ll!lB I 1 X~B I 4 Y) ©It 

)f J m 1 1 S o' t ^ r m 1 S 4fi X - V t/ ^ 2 S :x X - > © lb $ij ffli 

^ )fe ^ 1 3 J; S S ^ ii it i: V' - -i? ^ da * I w J; 5 - •i? ^ aj lb it 1 4 ii H 

::cDii^x )1:^$4B I 3 Y B I AyoMim^hfo^^ < t^t. 

mi S*S;^x-i>'»J/m2S*5;^x-va)i^i!j©PglCx >S'J:S$i&B I 3 Y. 

(9 0) li. mi StSXx- vZ^l/m2St5Xx-v'' (WS 1 JRU'WS 
2) ©^ti^tilcMLTx y'-'i7^ai^ (^Jx.l±*24a) Cl.fcSx'-^ 
^Ikthm tikB%^?h (PL) liJ;5^7tB$i:-C^)$Itv^xA (^Jx.(i 
Sy^tb BI 1 X'-BI4Y) 0)^3 }giJ:^$|]) ( B I 3 Y ) 4 ilii:^!) ( 
BI4Y) iii'M^^t^^&^7s7'-iyt^9\^ti-CtM.\'^WZs ^^i.^ 

^r>izt^ztt^ut[^\'^o z 0) J: iz mm [^tzi^^iz It. f^sm^^ 

(B I 3 Y) t^AM^^ (B I 4 Y) i:(7)^ll«:j£< UTx MT.'r- 
iy(D=f'S^^±t^Ziiti^-C^^tt't\Z, m 1 SI5;^x- vZit/m2 

^^XT-'JCD^ma^miz. I 3 Y. B I 4 Y*^S*fi:;^x-y 

*^e^tLfeii^l3s $^Jil^Sl3J;or)SlJfilill®^^)l^x^:^T^ c:h(z;J: Ox 
^)$lfv:^xAfe^o r ^MSiil (;: 33 It 5 :^ X - CD 2 ;^:7E{i 

m.^iEmiztmtiztti^i:^^o 
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II J; 5 ^ ^ {if&St5± dJS^I- 5 CI i: 13 J; o Tlif&StS ^ -r S is 
gg^ 2 Q(Z)Ste:^x-> (WS K WS 2 ) 

fiii^ (D X X - V (D{isi+;flij fr L\ & *^ e X i^fiii:;? CD ;^ X - v iciSJ^ ^ ti 

H{rlB-^®;^x-v±©SI5©Sl7fe*l7^*ICxirlB{ili^©Xx-v© 
* to ^. 5 tit g 1 3 fllJ ^ ® ^ X - ^ i) L X 

B(ri3*i6^)ti/zf1il^©:^x-S/"±l3«}$^ ti^St5±©7^^ > K 
X - V © S X' - ^ h BU IB ^ ^ 3fe ^ m © Ifi ^ ^ ilc © F/f ^ © S ¥ © 

tiiSlC^iiicS^tx m 1 ^•^tf!&ffluriib;^©:^x- v±iii*J$^*i 

^ f& S i: X' ;^ ^ © / ? ^ - > ^ i: © ii m ^ t) i+ -5 Z: i: ^ 4t Sl( i: t- 

i^f£;SI5©^7til)ilFii X m 2 atS;^ X - y IliS}^^ ti/S:i^P5St5©<uE 
^;b-ti- v'-'i? i:|^Xx- v±©SipT--i7 i:©{igM#©H-/l'J (T^'f 

gli^ 1 ^)$ltl3cfcoTWS^*Lx ^2St5;^x-S;©<iiSlim2T)$ 
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mt^^ih'^ittji{iLm\zm2&^x^-iym$m^hio m^^^x. 9tizti 

ffl u T ^ 2 S 15 X X - V ± I « i ^ ^ *i Jt» S IS ii v ;^ ^ © / f ^ - > 

'fit^or. n 1 s*5;^x-s;±oiaj)^;g4fi©^^Si<ti:ll2a*5:^x- 
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Ifi X X - V CDiuS -gS U T t> fc ^ 2 ^ }$lt A^it )I'J^^ 4^ o T ti X ^ 
'Simttji*), ±mT=7^ ^> h Sifts T^^ K{iLM/)^eil7!ciil'^ 

T)$tt tr - * S l^r ^ it S to © X X - i^'SIJ® 'J\§2fb 1 5 c: i: 
ZttlCJ; '9S*5;^x- v$:'J\Sfb1-2. ::i:*<-PtSo 

©^f^^^ift (PL) lIcfcS^feiif&StiR (W K W 2 ) ±l3^^1-i) 

zt\z.^^^m^^^m%t^^^m%'^w.\zti\'^'c. ^m^m. (wi ) 

fe«}$LT2;5:^^®l*l^i^i!)PIigfem 1 S<5;^x-v (WS l ) t ; 
^jJ&StS (WS 2 ) ^i^J$Lr|frl2^1 a^SXx-v (WS 1 ) 
¥®l*l=&*trIB^ 1 S*5:^x- V (WS 1 ) i:liJilz:(3^BjRrfig«cll2g 
fiiXx-i^' (WS 2 ) t : BulB^I Slfi;^x-vZit;m2St5Xx-v ( 
WS 1 , WS 2) iiiSiSStSroSltj^Uife^f oa5l3j^i^;^xA (18 0- 
2 0 0 ) \ \ ^^7^ - V (WS 1 ) 3^1/^ 2 «tS;^x- v ( 

WS 2 ) ©l*|(Z)-:??©:^x-S/'/)<MIBail3MvXxA (1 8 0-2 0 0 ) 
i:i35f&S4&©Slt)gL^^f-5FB^Ilsft!j^©Xx-i;/)<^7ti!ift«:ff-5J: 

di::iS5:^x-v(7)i!)flF«:$iJffli-r-&$iJffli^e (9 0) t^^t^z.ii^^ 
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P^T 4^DiI^ti:/)<M^fMT:$S©-Irx B#Fb^ ( T 1 + T 2 + T 3 + T 4 ) 

itK •^T.'J (R) ■k^m3Lnn\Z^^-^m^^7.0 7.^-V (R S T) 
h ; ^Ife^JOT:^^ (R) rotvt';|iA^3!)<^^&gI3SJK6<]l3lS^^*ii. 
i.o\Z-^7.^7.^-V (R S T) Irliii-rslEiAM (3 0) i:4lS!l:f-C 

- O a <5 X - V ffiij T 2 tfe (D ^ X ^ 1 1 J; 2) S filJ - S ^ Tfe ^f a fsl 

13 2Jl # 1- S 3 Rl^ i: ^ i> o 

^ © A* ^ - > t ^ ^ ^ ^ ^ ^ L T 1$; S *5 1 C is ^ 3t 1 5 ;^ X '3/ / 1 - 

©J;-5&»±M^I?^3fe^mck'?'fcx -^7.^ (R) *<Pir^^lR]ll^ffii^ 
tgAd:T;;^;^x-y (R S T ) llJIiJ^tis MIB y:^^ ;^x-y (R S 
T) iifilBmi S«R;^x-v;RU^^2S<SXx-y (WS 1Zit;WS2) 
(3!)l*ia)0\-rtL/)^-;?t«:|5l^i^i!l^ i+oo. H5IBv'X^/\-^->:&MiB 
^fSStS (WS K WS 2 ) ±(IJ$ig^)t1-SXx-v$iJ^^M (38) 
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©JS^^^^ (PL) IZ^^m^^^SB^^ (W K W2 ) ±II^fjf 5 

1 ) ^iSi#Lr 2;^:7c¥®i*i^i^i!)ni^6&mi (ws i ) 

t ; i^f&a^S (W2 ) ^fS}$UTfil3mi atSXx-v (W S 1 ) tlil 

-^fflp«9^ffiB^ 1 s^Jk;^x-s; (WS1 ) titi^M.iz^m'^jmtjimz 

Stfi7.x- V (WS 2 ) i: ; HfrlBH 1 2 St5;^x- 

i>• (W S K WS 2 ) 0) 2;^j7c<iLfi&^ti^titf)fiyi"*^^H-v;^xA ( 

mXltm^^B I 1 X~B I 4 Y) t ; MIB^ 1 mRX7'-Vt.m2& 
15 ;^ X - y i: A^S L^ 5 ^^0) buIB^ ;$tt v ;i x A ( ^'J 7. i|iJS 

$4B 1 1 x~B I 4 Y) izisifi=^)mi'^m^\M.^ htzmmmm on 

i: ; irlBIBti^S (9 1) iztm^ htz'^'S^i^lZ&'^i^xmB'^mi 
(««Jlli)IiJ:R$fiB I 1 X~B I 4 Y ) (Dsi'im^'E-^ Loo 

mmX'r-V (WS K ws 2 ) fe^)$$-B:&t\J;dlI^i!)$iJ^-r5 

(90) t : ^^t ^i9iBm9t^m.t^mm^ o 
iz^m'sjmtjim i sts x x - i>- 1 ^ 2 ;i x - v © ^ 2 ;^:7c 

{iM^^j^iti>;^xATl+}|iJLs IBIS^miClBti^^fcrn 1 StfiXx- 
V t m 2 S^fiX X - V i: A«5 1^ 1 5 ^ }$llf^t=lc:So* u r > $iJiP^ 
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l:J-e>;h<. B5ieS*fiXx-S/- (WS K WS 2) ±©Sip-7-::7XlifFlB 

sisxx-y (WS K WS 2 ) izm^^^rz^StSS^m^ (w k w2 ) 

2a*5;^x- V (W S K W S 2 ) h®F^T{Sif5S*fi (W K W2 ) © 
S(^igL«:fTdaSiiv;^xA (1 8 0-2 0 0 ) i:^^ bi;*L. MI3 

(9 0) li. HfriB^>$lfef^M;So'uTMi3^)$fi-v;^xA (0ij 

;l(i)fJ:illllB I 1 X~B I 4 Y ) (DltSiJil^^- ^ L:30. Bulfi-;^© 

(WS 1 XliWS 2) /)<B(IiBa6j^v;ixA (1 8 0~2 0 
0) i:(DFB^Tri^fr«S*fi (W K W 2 ) ©Sltig Li)ft;RU'BfflB7 7 'f ^ 

raiiix mtmi3(D&^x7'--y (ws 2xiiws i ) ( 

PL) I3J: '9§7tl!if^A^fft>ti5 J:^l3HlrlB2-3<3DStS;^x-S; (WS 
K WS 2 ) tDi!)f^:&$iJf|l-ri)ii^lIx MXx-y (WS K WS 2) 
|5|±/)^^)$t'2)<uMl3*fcii^> fii3i^;^x-v (WSK WS2) \Z 
iS^^-cmimT^l:(Dmf^t^M<t't'^l5(D7.'r-> (WS 1 XliWS 
2) (WS 1 X WS 2) L6: ^^fiifilC^Sl3& 5 ^ T 

S 2XttWS 1 ) J;-5II$iJfiUT'fe<fcL^o 
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*^B^G)^i 3(Dmmiz'ijt7Lit. -^Ts^p (R) izmf$.^^rc/^^-> 

(D^^9tmm (PL) i;:J;?.^feji5f£;glS (WK W2) ±i::JS^1-S 

^tife^ 1 St5;^x-v (W S 1 ) h ; (W 2 ) fe^J^UTKr 

IB^I (WS 1 ) i:(Bl-^®|*i$:|fiiBmi S*5;^x-S/' ( 

ws 1 ) iiiittiiii^iljL. A<?-®«®±(::J^fig^*ifelg2 

(WS 2) ^ ; frlB^^Tfe^m (PL) i: Id: PI H ^ ti T 15 

(te»*ix B^iBSiK^x-S/" (WS 1 xiiws 2) ±0aip7-^xiiiir 

lBS^5Xx-v (WS 1 XliWS 2) \ZU^^ titz^ltS^ (W1 Xli 
W2) ±(Z)T-'i7 4^ai-r5 7^'r-J<> (^Jx(i2 4 a) ; BiFlB 

^1 ^*fixx-v (WS 1 ) Rvm^m2m^:^7'-i^ (ws 2) 

^©-^©Xx-v (WS 1 XliWS 2 ) ±©^/it»S*fi(3WbfIlB7 7 
-fpOh^ (24a) y'-'^7^ttlt!)^tl:^f o^DlwM^TbT. fi!j7^ 

(DT.T'-iy (WS 2XliWS 1 ) ±©^f£5S*fi(lW Lil7t«:^f o l^llx 
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mil- 15 CD 7. 7" - (W S 1 XliW S 2 ) ^^iliibf'^aJd 

t>T'mtmt(0X7'-iy (ws 2xiiws 1 ) iz^^m^-^^^wiwtm 

mi^tCDX'r-iy (WS 2X(iWS 1 ) 13 33 It lift© 9 1512 

-:?^®:^x-v (WS 1 xiiws 2 ) iz^m^4^^mi'^t^mmbz 

^f o J:d(::2o©;^x-y (WS 1 . ws 2) ^mtitttiz. 15 

iB^i s«R;^x-y (ws 1 ) si5B<riBm2a«ixx-y (ws 2) o) 
i3ifFiB2o(DSffi:^x- V (WS K WS 2) (Dmi'f^mmt^mmm 

ft (9 0) i:4W1-i)^^^7t^gA<li«$ti5o 

±IB^^§7t^S(ifcH\Ts $ijafp^g?!)<-:^a);^x- viifciti) y'- 
- y & o T ^ *i ^ *i ® S^fi :^ X - V ± X (i StS ± © ^ - -J? CD 7 7 

^J&ufcto. 2o©i!jf^^^5?&!|^ffilTMMS1-5C:i:*<^igi:fe§o 
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t(Dt^&^t^s f1!l5^©St5Xx-v (WS 2X(iWS 1 ) iZ^^^titz 
(W2XliW1 ) lznt%>mE^7.^ (R) (DJ^^->n(D^ 

^^Tfe^ids BlfiB-5^a)Xx-i; (WS i xiiws 2) ±a)"7-^xi± 
B(rlB-:&a);^x^S/- (ws i xiiws 2) ±iziSJ$^tifc^)*:S^ (w 
1 xiiW2) ® y'-'j7a)i+)iij^^f9rc:i6(;filBfiii:)?(7);^x- V (ws 1 

X(^WS2) &^±^F-B:-5J:-5{lLrt.^L>o *i e) (Z) Hi li . StMI 

h^tK V (WS 2xiiws 1 ) ^;5:©^3t(Dfcto(z: 

^mt^(D\z.nmLx. B5iB-;^0S*s;^x-y (ws i xiiws 2 ) 

;^x- V ( R S T ) 'Bt.lfmB^:^^7.^-V .( R S T ) tBulB^ 1 
Xx-v (WS 1 ) XI*l5IBm2SI5Xx-v (WS 2 ) t^m^^^ 
%^Jk (PL) lZ:i*LT|il«B^S-rS^SS/XxA (^J^(i\ 3 8 ) 

^ e.(3#L^ fiiB^i^^a (9 0) It. MsBffe7ja)atfi;^x-s; (ws 

2X(iWS 1 ) i}<mB^7.<P7.'r-iy (R S T) LT^ii^^li* 
I3^ mi-t(D7.T-iy (W S 1 XliWS 2 ) ±(D^-^5L{intlE-l3 
(DXy'-i^ (WS 1 X(±W S 2 ) ±II«J#^ tl^ci^iiSS^fi (W 1 XliW 
2) ©Y-^'©lt/lfe^T9feto(CBUiB-7^©;^x-v (WSIXIiWS 

^Tt * (i X' ;^ ^ X X - y X - V [5)8^ ^ -tt T^iif^ib 
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moztizj^oTs ^Ttijit t^-<^ Mimmi'^ t^^mtji< ^kn^s^mt 

S K WS 2 ) ©^/phCD^T-i^fSStfi (W 1 X(iW2 ) ©SltiSL^ 
ff^^il^vXxA (1 80-200) 4$e.l3WL. |fFlB$iJfflI^§ (9 

0) (i. HiriB-;?©a<s;^x-v*« (ws i x(±ws 2 ) MiBftiijiv;^ 

(1 8 0~2 0 0 ) i^roPe^-Ul^fSStfi (W 1 XliW 2 ) ©SltJ^U 
l3f&^0)S=tS;^x- V (WS 2X(iWS 1 ) l;f*l#^tifcJSiJ$;S+Sl3^ 

Lm9tmn^n'!>mz. wiU-tom^xT'-i; (ws 1 xiiws 2) 

©^lt/lUil)f^ZilJ^MIBy'-'j7^iilg)f'^©'p^TBfriB{i!l^(Z);^x-y ( 
ws 1 XliWS 2 ) l3i^i5 5&4x.Si!)f^i:v m^ikU (D 7. 5" - iy (WS 
1 XliWS 2 ) m(r>m^mi'?<Dotl:wim-l5(D7.v'-iy' (WS 1 Xli 
WS 2 ) (I^l!&4x.-5i)fti:t|5lffiLrffo Ji'5l::BulB2o©S^;^ 

x-y (WS K WS 2 ) ©iii^fesijipt-i.hii'fciiv friB^i s^s;^ 

x-vSi;fll)IBm2»ffi:^x-$/' (WS K WS 2) (D^^(Dmi'fOz> 

(W S K WS 2 ) ©ifti^&fiJPI-'SCliiA^-lli* U^^o 

b 2 o © T - S/'T ^ I* < ^ MffMS t « c t ^Sg ic «: o 
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xmE^B^^^ (PL) ommizih^nxmm^ h ; mmm'^m ( 
9 0) It. mt^m 1 s*5;^x-ysz/^2S<fi;^x-> (ws k ws 

2 ) CDM^CDi!lt^A<^^7 L^cB^^^T. jlXx-v (WS K WS 2 ) O 
fii I c & S t is ^ 7t ^ - :^ O S :^ X - V ± © !S5 J^J S «R 4 SI Tfe U T 

(PL) l3J:5^^^f5S*5 (WK W2) ±lZ^BtiZtlZ^-o 

zm&&^^m%t^^9LMi'm^t}iizti^^z. ^mm^ (wk w2) 

ws 1 XliWS 2) IZ^^^htzf^mmWi (W1 X(iW2) 

lB^;^^a)/N'^->^oDiS^'t'iCs slilBfte^fD^^T- v (ws 2xiiw 

S 1 ) ^m±^itTm%^mi;(D7.^-iy (WS 2XliWS 1 ) ±0&m 
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- RitmmiD (D 7. 7" - iy (ws 2xi±ws 1 ) ±izm^^hrzm 

i^l3 0X'r-iy^^±^-\ti:i1iit(DXT-iy±(D&m-^-'tPRUit1j(O 
^ ff o T -5 X {ik?^ © X X - ^-C l±ii±^^^-C ^ -<P^i^mn 

$:^f -P J;^ SU(;fl!j(DXx- v1!^Tt)tLi. lift 0)1^1 ^§ 

It i> ;i < Sfije J& ^^iftf^ ^ - -i? «^ til iiflF i: il£?T*!!fJi U T ;^ 

(P L) ICd;i>^^!^J^5Siffi (WK W2) ±lZi9L^t^ZHZ^o 

T^^5atS$:S7t■r5^Sf^S7fe:^r?Sl;:^3^^r. {^fSS^S (wi. W2) 

-v^rffliiUx Bf|IB2Q(DS^S;^x-v (WSU WS2) ©^^(0- 
5?©Xx-S; (W S 1 XliW S 2 ) l3iSl$^;fxfciSiJ;5SI6i (W K W 2 ) 

Mff UT. fte5^©:^x- V (WS 2 XliW s 1 ) ±izm^^hrz^s!^& 

15 (W K W2) ±©m!&©y'-^«:li;^?^i±i1-i»^as BtrlB2o(DS 
t5;^x-v (WSK WS2) /)<^)#L&Uj;ollMIBfl!l^a)^x-S; 
(WS 2 XliW S 1 ) ICiSJ^^n/c^f&gfe (W K W 2 ) ±(D^-<P 
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6G)Ml;:tt;ilix fi^B^Tte (EL) TriRB^^ ;h,fcS^B^^ 
^ (lA) II^^UTx'X^ (R) &^S:^fp](If$l!)*-l+?.roi:!5l^LT 
mmm^i^ (I A) ll^ttg&S^^i^ (IF) LTi^fSSiS (W) 

(w) ^m^iT 2)X7tw-m^^^W]-^mtj:m^7.7'-iy (ws) 
t ; «(riB^)t^iii (IF) izmzms&^m:^[^(D-:^mtm-^m\zm 

^$*l^^ti&®^difi^ (0'Jx.(i\ F A 1 ~F A 9 ) ®'>^< 1 O-U 

friBi3;c5a«i (w) mopfj^&mmiznt %>^n{iLmt^thti{iLn^ 

iUi^ ( 1 5 K 16 1) t ; huIBSI5:^x-> (WS ) (ilgltb;h,v :^ 
x-v (WS) ±lZ^m^ htz^^^m^ (W) ©®(im^PM1-§fc46 
(DS^telEij^ (LS) i: ; Bi)iBS*£:^x- V (WS) ±l;:fSJ$^ tifc^ 
f£;S^5 (W) tm%t^m\Z. MIBfug^iB^ ( 1 5 K 1 6 1 ) CD^ 
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tiill!smlISo•L^TB^^lBStRiSib^ (Ls) ^mmt^mmmm. oo) 

\^iS.T^9^±t^Ztt^l:^itttlZ. ±t^^ihi=-^(D)^^lZ^ 0 

7 ;d- - :b $lJ^(Dii LN3i*> A< Pitg t 5 0 
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f^(Dm^(Di^th!^ (0iJ^(i\ F A 1 ~F A 9 ) (D'ptj: < tt 1 O^^ttJ 

♦fi (w) (D^iiia^(Df>3 'V h^t^ ( 2 1 2 ) ^lif&a^s (w) ©^fiij 

3!)>e)F«3llJl3lfi]/)^oT^2S7t1-5l«IIx 1tlB(©^ai^ (0iJ;^.lix FA1 
~F A 9 ) ©f*il©'>«: < iit^ 1 -iJ/J^i^it^atS (W) ±(DW5yjTll^F*3l3/)^ 
ly^^tzms^t'^i. (W) ±13*^*^5^*;^ ( F A 1 -F A 9 ) 

fi ( 9 0 ) (ix ^fSSiffi (W) (D^J^ifi^Ova hllJ^ ( 2 1 2 ) ^ 
^SUTtrSPgllv ii^va'V h^Iilc (2 12) II S ^ tB .-^ («'Jx. 
It. FA3~FA7) A< 1 /^^T&i)ii^lIlim^®Ii^^tl-So•L^rS 
♦SIEIi^^ (LS) ^^LT^fSS^S (W) ©{it t:P^1-5J;o(z:UT 
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^suii. mm^m oo) li. is^fsstfi (w) cD^juja^ova^y 

h^Si^ (212) ^^Mm^timZs hpItS ( 2 1 2 ) IC 

t^t^l^thj^ mTiit. FA3~FA7) /)M 

3 hflli (212) (iBII^-rSi^a [^mit±lZt'i)'lit(D^thj^ ( 
^5yx.(ix FAK FA2. FAS. FA9) (D^th^^^i^t^ j^CD^iHI^ 
^iilcSoHNrSISSEiji^ (LS) ^^LTI^f&a4S (W) ©MS 411 

ztt'^-^^zuio ttz. mm^m. oo) li. ^Jt»s*s (w) ±(Dm 

»(Z)V3 (212) mz. m^CD^ihj^ m^its F A 1 -F 

A 9) op^Oii^thO^ihAo^ihki^^Mi^lii'^^ibik^ls ^liB 
(W) ±(Z)&Si/3 h^Hi (212) «:^S§^1-SI«^IC(±x ^ 
ISv3 h^ti ( 2 1 2 ) l3^>rLrj*^^tLyc^ill,'^(0^tBilSm©*«: 
ffiL^TB^^IBS♦fi!^ibl^ (LS) «:^LrBlrMC5S«i (W) 

w) (Dmm^'i\z^it>ibhrzn±^ (/\'^->^±^) ©i^iti'jT&sii: 
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iS; 1^; « © ^ it II ^ to e> 4x ^ ^ ± ^ © I*) ffiij i:: c) ii# e> iSf f& S 

^\z. mf:5^&^(Dmm®iz^ibii>tirzn±^(D\^mtt ztizjiiOs 

1 1 ^ liS S *R © ® fii g * ^ tHI- S i: 1 5 o 

m^-its mm^m ( 9 o) i*. (w) (D^mnLm.^^. hl 

m^tH^ ( 1 5 U 16 1) CD^^dl^ imTiUs F A 1 ~F A 9 ) © 
{iiSfS$Sx ;Rt/^7\iW^©i>3 «y Kflill (2 1 2) ©teSm$Bl3So*L> 
Tx iiSltttli^ ( 1 5 K 16 1) ( F A 1 A 9 ) ©C^t* 

(W) ±©^JJ)^iilC/)^/)^oru§*^g/)^^fiJlfrt5J:-5 

(D^mmizt't'^xi^^t^mti'tiEmizmmtiziit^-simttj:*) . 
&^mmmz<k ^^fio>&ii&<DmiiLmmm0mm^iEmzmt&^-\ti>z t 

( 9 0 ) l±. {xLEi^ih^ ( 1 5 K 16 1) (D^^LO^thA (^J^ 
IS. F A 1 ~F A 9 ) ©^ai$SmS^tl^tif/f^©rF^fitJ±^-rS 3 

(jiM^ill^ (1 5 K 16 1) (D^thfk (FAI-FAg) 

©L\r4i*<jg5ji5Sts (w) ±(D^nmmzt'^t)'oTi^^t^mt^tmmt 

oTU2)/)^SA^TW^i)^MA^g/)^^^JBIr-rst©T. ^Jij^M^rtTt.^ 
fSSt5©S'5^=r5^©li^^(3j;2)mgSS/)^fei)^^x l^^fil©liH 
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2 12) ^^mm^t^miz. ii^va (212) izt^t^%>^ 

th!^ imTilt. F A 1 ~F A 9 ) t^Umztji^rc^f^f^ib. ^m^a 'y 
h^J^ (212) 13 5 ^ £b ( F A 1 ~F A 9 ) ©^iUl^m/cltll 

»o'<^f5a*5 (w) (Dm^mm^&mmJh (ls) ^:n^urrff^jsu 
rt^Uo ztiiz^'o. ^iSv3'v hfit^i3*^*>s^ai^/]^^i(i3ft^ 

m^'noZtt^'^miztj:io 

( 9 0 ) li. (W) ro^jgtilg'li^Bx tag^ilii^ ( 1 5 K 

16 1) (D^^ih^ {m7.\ts F A 1 ~F A 9 ) CDiimtfiSx RUm9t 
n^(Diy3 «y hllM (212) a)ii^S^t$BI3St^t^T. iig^iU^ ( 1 
5 K 16 1) (D^th!^(Dl^t^i)^'Mmiy 3 h ( 2 1 2 ) 

A^T$i)o *rcs $'Jfi8I^e (9 0) Its ^fSSffi (W) 0^i^ifi^®v 
3<i/ h$IlS (2 1 2) ^^SS7feti>PglI> ll^v3'y hfl^ (2 1 2) 
iZt^t'i^ih}^. mTilt. F A 1 ~F A 9 ) ft< 1 1 !^ 
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(D^ihf^ (FA 1 - FA 9(01*10)1 ik) t Z tllZM^t i> 'J> tj: < iit, 1 
j^(D^th}^ (FA ^ AQOMmmt^j^) t^^tiPHM^CO^ih 
(FA 1 -FA 9) ©^ai^milStiuratSiEil)^ (LS) ^^U 

T!^j^;S*5 (w) o(»i#PM^r»aJ&L. ^G)^x <ii#l)i!ii;i^fflt5^ 

th}^ ( F A 1 ~F A 9 ) ^Ii;5:il^v3 S^ilK (212) MmiZiy 
2|s:^B^(D^1 7(7)ll^llfj^^li\ m^n^ (EL) T^Bg ^ nfeB^B^fl 

(lA) izML-CYX^ (R) ^^s^iR]ii:?$i}^-tti>©hlsl^Lr 

fiiBR^B^fi^ ( I A) iznmj^m^^m ( i f) nMUTJif&atfi (w) 
T:Bui2iiF&at5 (w) ^S7fei-?)^ss7fe:&jiii33UT. tmnii'^ms. ( 

W) ®^Sg^(D|ig(c:. BulBS^^ilc (IF) llWUTlfflB^a^lR]® 

- «'J ffe 7^ ffliJ II ^ ^ ti (u S t § 8U IB ^ $ rS] 13 il ^ -r 5 ^ S :^ IR] 
©iliA^fiiB^Tt^lS (IF) J;i9/2iU^ilifI^ (AB Ex AF E) 

jtiii4Ufc5Jisi/)^e,Bfil3!ajf&S«i (w) ^®i3:^ 'j h^^&is^Lx m 

iB^f&Sfix (W) A^b(DB5iB#X'J 7 h^CDJ^^Tt^^S^Ux ^0)^ 

S^^d^iiStJt^TBlJiB:^ 'J y s«/)<JSf^^ *is#^di/^ (^J^li'x 

A F 1 -A F 9 ) IZ^lf^mtmUt:^^^ (W) ®(Dfiff^©Sip®/)^e)© 

*iW{ia^^n?ti^ai Lx cro^diit^iiSo-LNrBuiB^Tt^^ (i 
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F) F»3ii*5iti>H5iB^fE;st5 (w) (DmiiLm.^mmti>zt^^mtt 
5 ^ g s 5^ as A< ^ n ^ o 

34 ^ ® pII^ M 3fe 5 PS C: f5 a <S ® ^ tJ b I*) ffliJ ^ 2 1- 5 Ji ^ I w X 
^ ^ (i 1 3 S 1 ^ T ^ CD ^ ib ;^ I w 33 1 1 S iSk f& S tfi ® CD m ^ <I> S ip ® e> 

*f&0^0^1 8©^^l3tj^7.ISx MB^^ (EL) TPaB^^tifeagB^II 
m ( I A) 11?^ LrT7^ ( R ) «:^2^lS]l::f#lb^ -ttStDiilil^LT 

B!riB^,0^^^ ( I A) iznmjim^mi^ (if) icwurisjf&sts (w 

1 xiiW2 ) ^BtilB^S^i5]i;:lli)^-iti)C:i:i;:J; "9 x frlB^fSSIS ( 
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W 1 XliW 2 ) ±(Dm^a>iy3^v (210) (D^^ttim^T.^ 

(R) (DJi^->(DmB%^?h (PL) izj^ii^vm^t^^Bm^t 

mzhl^r. BUIBiSifSg+fi (W1 X(iW2) ±®«|ftCDv3y ( 
2 10) (Z)|*lfrlBS7t^li (IF) (CWLrmiBiSlJiSSS (W1 XliW 

(2 1 0) ^^CJ;-5II. mmnoi^a-j h^Ilsg (2 1 0) ©rt 
©J^oA>&-9->y;Uv3 y h fills h L r SIR L ; t<rlB«feo/)^©-9->7;u 

•V s^ts©i^MS&n-)i'J-rsBg(ciriBJloA^a)i:^->y;i.v3 y h^i^ 

^iiBdiB^iissts (wixiiW2) (Dffi^^mmizMt^^miLM.^^ 

diU ; H<JiBlt;Ifl$ tife1^>7;i/S/3 h^l3S©JS«l{iifi(::S:5UTBlriB 
{SJjSJSiK (W 1 XliW2 ) ±©«!l&a)>3 'V (2 1 0) ©iB?'J^ 

;5ll^L : BfrlBll3t$IJ^ (IF) (C^tLrBtJiaiilSa^S (W1 X(iW2) 

(210) ^'^^m^ti t^iz.. MiB^^^nfei/3 «)/ hfiis ( 2 1 

0) OE?"JllS^H\rBulBT;^^ (R) (DA'^->^^0mg^*3-t+«: 

-5 (c: X B(FiBiffi^{aa<z)tfS'Ja)Pgi;:«ltli*n)ctlJk^{iiSiiSo'L> 

rBfrlBJ^I^J^Ifi (W 1 XliW 2 ) fl[)®<ug$:liM-rSC:ii^i^g!{i:f i. 

g ^ fi 13 w u r *s (D ^ e. fiij '^ ^ s ^ ti 5 «t o II ift ^ ^ n 

o -y- > 7 ;u '> 3 «y h^tSt LTSlR^tiSo ^ LT. ^©Jfto^N© 
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ii S © It )I'J © I ^ aj ^ fc tg (i m ( S u T ^ j^; « (D s & g 

3'v S$I«t(D|*l©^7fe$M^ (IF) Id^c^Ur^^&S^ (W1 X(iW2) 

(2 10) ©]^^Hia&i+)i'J-ri.i«i3x ^TtBthiB] i;:&[R]iniJi£;S*£ ( 

W 1 XliW 2 ) ti^Wiltjiti^ib^mm^Ei (W 1 XliW 2 ) ©F/f^S^® 
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& S o 

El 2 I i 2 o -17 X / \ X X - i: U 5^ ^ ^ 1/ ;i X - V t ^ ^ 7t ^ ^ i: 7 7 
Sti?SltiiJHz^?v3 >(w#:SU';7xn:;^x-yWS 2 (US) -tr 

la 3 li -t? X /\ X X - i/'roSESltlflKDlifie ^: ^-r ¥® El T S o 

E15liAF/AL^i:TTR77'r/> h ^(D^j5£&^1-*SI^K7fe^ 

g © ^ as *i J5)i ^ "T El T- fe 5 o 
la 6 I i El 5 © A ^ - > ff^ fi£ 15 O & ^ 1" EI S o 
m 7 (i 2 00)'i7X/\7x-S/^^oT't7XMj5l!ft • 7-7'r^>hS/- 

^ > ;^ i: S ?fe V - > X /)qf t> T c ^ S as t ¥ ® El l: 5 o 
ElSli^yro-t^x/N^I^^ • 7^^^ ^ > K i>-'!r>^i:^^i/-^>^ 

EI 9 li 2 ite© U 5^ ^ Jl/ ^i*J#t S -fillTfeffl fl) b 5^ ^ X X - V ^ 
El 1 0 A(iEI9 (DA*^- >A(DU^^>iU^f^^r'i?x/\(D^^^ff o 
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M ^ ^ M 7t ^ S (D S Tfe Ji -r X y \ 0) iB m T ife S o 
mi 4Alimi 3(7)A{5S(3i!bH\r$tl^*.ffl©A FitilJ^^T^i£;*:^ 

sm'^&i) o 
smT!&^o 

mi 4Climi 3 4'(DC{uSi;fct>T$t^*>fflo)A Flt/l'J^lf ^iJii:^ 

¥®mTfe5o 

mi Slim ©llSlJ^$^lI33t^Tlf)SlJ#3i14(3i^^/)<fei,li^©$t^ 
mi 9 Aii7^ ^ > h j^i3«fcssip"7-'i'ifi±©Sipv'-^a)^ai 

& ^ O 

mi 9 BliSipy'-'J'M K 2(Dm^tCD-mRXf^in^7^^^> 
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2 4 a0F I A^±>-^l:miht%>mi^Si^*)'jt,^(Dil^^^7rstmZ'h^o 

El 1 9 CliY-^M K 2(Dm^^ F I A^O-b >-y-T:?x 0 ii^^•pgl:: 

U5^^^l'± v'--i7 RMK 1 , RMK 3 (D 'i7XA®±}S^^ 
1212 0 CliSi?x'-^t5±a)x'-i>MK^^1-ElT:fci.o 

E12 0 DliEl2 0 Ai::i3l:J-Sii^lxi9ii*©^^^ji^1-|lIi:fe5o 

& S o 
S o 

13 2 2ld:^2ol|jMim^©i!if'^SUi0^f §fc«>(Z)0-c^orx ';7xa 
E12 3ii^2a)llJliJf$filoi!ift%IJi0flt- ?)/ctoa)E]TfeoTv -i^xn 

iy\N S 2^ilJ-C^?fev-':7->;^a)i!}^'^A<^TJ&:t>^^Tt^§l^#©^^•$::^ 1-121 
1212 4li 2o(D'^xM:;^x-y±"e^5L^Hi!)f'^^l^^5L^BiJ!)ftii 
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0 2 5 Alis 2oo[)'i7XA:;ix-vlil±%?ifeiLT^iii$ijf2PtSI^© 
^ ife 5& ift 1 5 ;^ X - i/' © ¥ ® El T ^ s o 

m2 7 Alt. 7^'rp<>h4^f•5•y•>7;^i>3'y Sfe^-rOxMO^ji 

1212 7 Blis ^7fe=&?f -5 V3 <;/ K ^li S A ^jj^l" x/\a)3}i®|21-efc 
l2128Ali. 77-<^>h >-'!^>X^^TaP^(Di>3 hli/^^jj^f 

1213 1 Iii213 0 $:^S:j^fS]/)^t>Efefiij®ElTfcSo 



f3 


13 2lil 


[213 1 a>¥@i 


0 



1213 3 (±121 3 2 ^l^^2:JjfS]*^e>£^ctJ®El-Cfe5o 

1213 A{tm2<DmmBmizm^Af/ALn^^M\>^rz9tm9f.mm^^ 

lii f S -i? X A w 0 ^ S 121 T fc 5 0 

0 3 5(±7;d--*:^ltiS'jB$IIfc[t5S^fMi^I F i: A F ^ai;^(Oiag 
03 6(±v3 «y h^^S AS® A Flt)fliJ(3<$ffl1-5 A F^tb^iia^: 
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xy\ ® 7 ;t - :b 7 ttil'J ^ ff 9 jyi^O A F ^tH ;^ ^ ^ tElT & o 

El 4 0(icy;i'-:7(;^1-5S/3 K^ltSS A$:§^1-i.l^l::^^ffi■r 
5 A F^th}^.tOJ^J\m(D%m^MBf»\iti^OiiLW.^7jktmi:&io 

mizmt^itnm^fjktmx'&^o 
El 4 4 (i^ 5 (Dmmmmizm^u^'^Wi(D±wm!^^mv&i^iz7Ftm 

El 4 5 liEI4 4 (D-l50OJiJ\7.T-:y0i^V&W-WW\'C^^o 
E14 6(iEI4 4(D^g(DMlilS¥®EITfeSo 

E14 7(iE14 4a)^Si::fcit-5S!ii'^©)^iti^^j^-rEI'C&?>o 

El 4 8 6 (Dmmmm\zmyt^m(D±m^(Dmf&t:^^tis^w&w-mm 

^ % H iiii 1" fc to © ^ ^ © ff^ ^ 

WTx *^Bfla)^ 1 ©HSIJfi^&El 1 ict^ bEl 1 8l::SQ•t^TlftB^•r 

S o 
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yn^(i^^^m,%^n<bW-&}kw\Wik\t s ^'m^^^% 5 . 6 4 6, 

4 1 3-t-\^^il^l^^5 , 4 4 8, 3 3 2-^(lP,a7Fd*irfc'9x C:®r»f^ 

jfv ^ ffl u T * CD le ic CD - 93 -r § o 

20Da^5;^x-vh Ur(D'^x/\;^x-vWS 1 s WS l-^mTLtzT.^ 
>^±$}^*tix X$fi;?[p] (E) 1 II*)lti»M®:fe3&:^lRl) 21^ J/ Y $£li ^ ffi] ( 

01 iztHf^^mW.^t\Bi) ic»i[UT2;^?7Li^liioji|g35:2Qro'i7x/\ 

Xx-vWSK WS2i:s c:ti^>(D'i7X/\Xx-vWSK WS2$: 
m.mt^T.'r-i/mWl^ts -^x/NXx- vWS 1> W S 2®{ig4it 
SlJt-5^^$i+>:^xAi:^i)fflX.•Ct^2)o El 2(I^t•cto(I'^x/\Xx- 
i>-WS 1 *<CLm'lt$Elt)fJ-b^ V3>P I SlI^SU-^^xMJ^x-vWS 
2A<M7t (a^) >E P SIC#^tSii^^^t- o -^xvNXx 

-S/*WS K WS 2liUf ;ti^,^tie>CDiz^ v3 >PIS;RU^EPSh 
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'jx7^-"$'(Dll^<l'Jvy;^'y ^©jLo&t)®) 1 2 2 . 1 2 4 A^^fr 
lz:lSlte)tlTfcO X 3tie)(Z)X$fllUx7:d''f Kl 2 2> 12 4llli. ^ 
l^§X^Ux7:tf-< Ki;>'aoTI$l!)-5Iig«:§2o©f$i!)g|J*J 1 1 4. 1 

1 8R^f^ 1 1 2 0 /)<^ti^nDti9#i:*-e>tiTi^So ctie>4oo 

IlijgP^tl 14s 118. 116. 12 0(DJS®gIJl3(i. Xf4Ux7^ 
Kl 2 2Xtt1 2 4€:±^;&t/fflij75-/)^effltJ;-5l3^lll^©SEil}D'f 

-< Kl 2 2X1*1 2 4 i:l;:J:o-C> ^^tbSJ** 1 14. 116. 118. 
1 2 0«:X$£tl5?|a)(z:IEl!l-ri.A-tr>'J^3'f;Hy©'JX7^-'^*<x ^ 

n?ti«ifi£^tiruSo lib. wTOQiJifl^Tiix <ii:±x ±u^m^^ 

114. 116. 118. 12 0 4X$lll'J-7^-'$' iiD? ^t-^o 

2 ^©X$ili'J -7^-^ 114. 11 6(i. Y|fi^[D^ICEt/5 
Y|fiU-7:b*'f K (^J;i(i'. A-\^></Y</^*y h 'J X7^- 4^© 
S^ll'Jii'f ^KDtfc^&t©) 1 1 0(Di3S^I3^*i^-niftl:)-e>*i. ^fe. 

^02o(Dxia'jx7^-^i 1 8. 1 20 (i. ^nij^^izmjfimm 
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©Ylfi'J-7*''r h*1 1 2©iasiffii;:|il^$tLTL>i>o 'iAfe^T> \U'J- 

7i5^ V 1 1 Oli. y.^')-T=t-^ 1 1 4x 1 1 6lZ,i:oTXIIl'J^ 
7*''f K 1 2 2 . 1 2 413)00 TigS)^;h.v ttz'^m') -7 ^ K 1 1 
2li, X$lll'J-7^--$' 1 1 8^ 1 2 Oldiiar X^'J-T^'-f K 1 2 
2x 1 2 4l3)aorigi!)$ti5J;-5l375:oruSo 

1 ^ Y$ltl7&[Sll3|gi!i1-SA- t:>y y'y;i^<y hM© U :i7^--$' 

Ti5^ K1 1 2«:±;j;Ri/t]^3b^bgBt;^ia^©7y*')/ h*<iS;ite)tL 

x-S/WS 2^ Y|ft;^|n]llSEi|j-rSA-t:>^'7y:^.«y hM©'J-7^ 

-r&t)-^x 1 (jynm^mi:\^. ±iiiLfcx$i!i'j^7**-< k i 22. 

12 4. X^'J-7^-^ 114.116.118x120xY||!|'>l^ 
7i5^ K 1 1 Qs 1 1 2^il/'t'X/\;^x- vWS U W S 2jgaJ®^ia 

h3f(3j:oT';7X/\Xx-2;WS K WS 2 ?&3aiLTX 

Y 2;^!7C^i!l1-S:^x-yigi!j^A<filfi)c^tlTlNSo ZQ7.^-V%1 

Y$4i>l:i7*'-< K1 1 0©PI5SlIfSlte)*lfc-W®X^'j:z7 
^-^7 1 1 4v 116© K^l/^^g^ ortt-S*T:> -i^x/xXr-vW 
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II, y^^J-7i3^ K1 1 2(Dp5iil3^lte.*lfc-W(7)X^'J -7^- 
^ 1 1 8x 1 2 00) h)l<7^^=F'SiMt^mi:. '^JLJ\X'r->V^S 2 

|{llB'^x/\Xr- vW S K WS 2±IIIi. ^IHtf© OxM/^jl/y:^ 
5o * fex -i^x/NXx- vWS K WS 2a)±®II(i. a^CDSifly'- 

^tiliisisi i;;^^ J; ^ diss ^^iTuSo zH^comm'^-<p^ 

FMK FM2(ix ^Jx-li^-i^xAXx-S/'OSiP^uS^r^ltil-rSI^IC 

ttz. ■t7XAXx- vWS 1 ©Xl4:;^io]-ffiij0® (El 1 i;:33its:£ffiij 

®) 2 0 tYSbT^fRl-ffliJ®® (Ell l3ifeltS|sft®^tJ©®) 2 1 iiiix 

S 2©X$l6;?rS]ffeffi'Ja)® (El 1 (IfcltS:^^]®) 2 2 h Y$|tl7^(n](Z)-(BiJ 
(D® 2 3 iilix Sl®tt±lf /)<^^tl^J5l«r®i:^:3Tt>§o 3 ^6 OS 
Iir®l3x M 1" 5 ^ )$H-i^:^x A fe^lfifel- -5^)111:1111 (B I 1 Xx B I 

Zt\Z^*). ^SS*®©S^M (-«ft(I(ii$^3fe^^ffl'J®^7v'f / 

|g{i&it;IiJ rtLm:'9x -t^x/NXx- vW S K W S 2 CD 2;*7c{il 
g*^^n^-tiH-ail^:lxi»<fc'5(::'5:oTU§o Jfefcx ^)$lti>;^x A0)IiJ 
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|BH;*m^i^oyc^77^ (off-axis) :j?SCcZ)7 7 'f > K ^ 2 4 

::tl6>©7-5-1' > 2 4 ax 24b(ix LSA (Laser Step Align 
ment) Jh^ F I A ( Field Image Alignment) ^> L I A (Laser Inte 
rferometric Alignment ) Jh(D 3m^0)7 ^ ^ >-^t^ IZii 

X. Y 2;^7C^fS](D{imit)fJfeff-5 Ci:*<"5rigTfc§o LSA^iU'LI 
A(±3KS^#fFm5 . 1 5 1. 7 5 0 "tllgg^^ tlT 33 O s F I Ali^S 
1tl^^5, 4 9 3. 4 0 S^lzrjg.T^tiriJOx ^tie>(7)rjaTvfeSfflL 

ZZHs LSA^^Ii. V-^'%^^-^\Z^M\^X. m^fi -^^tt. 
feTt ^.^'Jffl b r T - -i? |+>|ij-r 5 S t 5 1 > it 7: ^ 0 X 

fj!fe*A^e>i|igl2JtN7D-lzX'^7X/Mz:i$ffl^ti2.o FIA^^lix /\Dr>7 
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77'fpi>hm2 4a(ix •i?xy\;^r-yw S 1 ±[Z^^ 

C:;|ib<7)7^'r p<> h^2 4 ax 2 4 b ^r^WfiKr S#7 7 •< K -tz 
■r V iJ? ^ tl )^ )I#^Q:S Ur^-^iuSA^^dl^tlSo CI 
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TR (Through The Reticle ) 7 ^ ^ > l^^^m^if^H^-MO) 
^;U77^ ^ > hMti»fil1 4 2x1 4 4;!)<lfi!lte»tirU5o ctie^ou 

U5^^;i/77-Y ^ > KM^ail 4 2. 1 4 4 i: IWI^Olgfifeli. 
a^l^fBS , 6 4 6, 4 1 3-^lc:^J&1-*i^ga¥7 - 1 7 6 4 6 

IS ^ II fffi ^ ti Ti ^ 5 <7) -e H C T li if *ffl iJi 0^ II O t ^ T (i t BS 1" * o 

ifc. Ell TliEljF^r^BSUfcA^ ISf^T^i?:^ P L s 7^'<^> 
2 4 a. 2 4 b(D^;ti**il3lix El 4 11^^ tiS <t d II . ■^J^teStP 

?. to © :t - h7*-*;^/7i-- h u^u >cfmmm inkT. ""a 

F/AL^^ji:Uo) 1 30. 1 32. 1 34 ;!)^iftlt ^tlTt^So 3<D 
F*3. m2<D^th^tl-C(DA F/ALI^l 32 li. + -^^ >^7fell J; 0 

U5^^;t'R±©/f^->4'!?x/\ (W 1 XliW2 ) ±iiEiiiife¥-rs 
llli. U5^^;UR±a)M-^->M®i:'t7XAW(D^^®i:A<JS^^^ 

ffiA<iSf?7fe^^ P L ©^SlIJi^'^^jiJtroieSlrtT^Sj LT IN !> o *^ 
(^ILTUSA^ir-^/)^ &^ait?.fetoll. iSlt^tlTt^i) tro-Cfe 
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2»o *^ 1 (Dmm^B-Clts AF/AL^1 32i:LTx l^t>*Pif'f^ 
A F^/)^ffiffl^nTt^i)o A F/A L^lis ^gl4#l^*T^5 , 5 0 2, 

3 1 1 l3r«lTv^tiT*) "9 X ■^(DPffl^^Sffl Lr*:Jt0lBlg®-SIJi:1" 

5 0 

3a)AF/AL*1 3 2«:fi|J5S1-5^;^iA F^(Dl$ijs|!l«fmiI 

Fi^) 1 3 2liv E15II^^tli>«tai::x ;?fe7 7'f n'^l 5 0. i^3tu 
>X1 5 2. J^^->mf&m^ 54. U>X1 56. 57-1 5 8Rtf 
!»SltWtlU>X1 6 0 A^e> fifes E^lt^^^ 1 5 1 h. m%M^i^>x^ 

6 2. 0$57J(qlJi®)*5 1 6 4. $S^U>X1 6 6. 1 6 Sft^bfife 

ZZH. Z<Dk F/A i^^AF^h) 1 3 2 ®±IB<ifife#aJlwO 

/)^e>7fe:7 7 -< /\'^ 1 5 0$:^UT#A^tlx 30)^7 7 -fA^I 
5 0/)^e>l^iil*tlAcg8B^3t/)<. ^3tU>X 1 5 2 /\'^ - >ff^fi£^fi 

1 5 4^?.^B^r5o C 0)^15' - >JTifife*fi 1 5 4, $:igi©LfcBBB^^|i. U 
>X1 56. $7-1 5 8^Xfm^M<^l^>X^ 6 O^igT-i^x/WV© 

'i7xy\wi (xiiW 2 ) ©^jtSlcWUr a'^ -> 
Jfififetsi 5 4±a)n^->©^*<^^AXi3WUT^tf)i::jfi^ig#^Fti 

5o -i^xAW 1 i:s.^^hrzmm9nt. i 6 2 . sfeT^ 

[SlStbifll 6 4Sy'^sS^U>X1 6 6%igr§3ttl1 6 8<Dg^®(wJg 
^^n. STfetil 6 8©§7fe®l;:A-^->ff^fife<5 1 5 4±(D/?^->(D 
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cDS^^^A^t>cD^ffifl#^fi#«as^^ 1 7 oi::fft<i^i-2,o ^^c. fi 

(i'5 X 9 = 4 5{i©±T^fRl©;^ U V S^^0rjflP/<^-> 9 3 - 1 1 
9 3 - 5 9 /)<J^i5)c$tlTil3 "J V Ctl^)®:^'J K^I^CDrff^PM'^ - >(Z)^ 
/)<'i7X/\W0ll3fe®±l3X$iSt>*Y|l6II^^ LTf4to (4 5' ) IZJS^* 
*iSo iirolgmx E14l3^^nS J:-5feX$lfi;Ri;Y$llllC*tLr 4 5 " (C 

% \ O^di^i: LT©A F/A 1 30. 1 34t,x ^(DAF/A 
Ll^ 1 3 2 i:I^^lCl*«fi£$tl.TU5o t-&t)^s *S1 1 ©HJfiff^glTliv 
^7feli#(D!i;i^^itilC:ffl^^btlSA F/A Lm 1 3 2 i: IS IS 
77'r^>h7-'i7©ltiSiJI^I3fflt^e.tl«.AF/AL*8^il1 3 0x13 

4i;J;ort,^aih:-AA^ffB|^pj|gfj:^fi£i:^^^riv§o Z(Drztb. 7 
^'f-><>S^24a. 24bm;577'f^.> h -b >-y-©if iliJB^il . g 

3tfi§ii|5l^® A F/A L^(DitiliJ> $ii{SP(::J;5^ - s 7 ;i--*:;^/^- 
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t 

R S T ^IEi!|-rS^i2|jj^© 'J~7^-^i:x Z®!/^'^ 

nsJ;oi3feoTui.o iE»i*»^3 oi±x fraiLAcXx-v^g 

ZOtzlsbs ly'^^P )l^7.T-VR ST ±(Dl'i-Cf )IR ^ . R 2 /j^j^'J^li- 
i: 111 SB :^ + A' > T § S ^ ^ ^ i: «i o T t ^ i. o 

c:©U5^'i7>iu;;^x- vR S T±l3l±x x$i6:;^ffiia)-ffiij0S^g(5iCx 
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4G)S*t®(;iS]ltTl2I 1 (7)^)$ttv^xA3 6 ^^fiJtf B I 6 

1^ 7^ & § 3te U T -^7 X / N ;i X - V iij |B] ^ I H L T S * ® 1 3 W 1- 5 * @ W ^ iu 
dCTf. COiliJfiliiB I 6 X^*1-5T)$i+(ix ^Ifgl3(i?4.jll3i+)I'J^ 

Sltji'J X 3 -r - > ^'•firoi+iiij A< BTgg ttji^z i^io z (Z))iij:S$4 e i 6 
x^^tiTmnt. f^aif 5'i?x/\;^x-i;ffiija))fliJ:lldiB i 1 x. B 

I 2 X$:W1--2>^)^tf 1 6 s 1 8A^e>0'i7XAXx-S>-WS K W S 2 

©3-^ >y'tS$B^x{iS'^t$Blcs^t^r U5^^;i'i:'t7x/\a)^?«H2]te 

A°7>^-;$lt/)^e>> C:tLb©□-:^-^a-7$^- 3 5 . 3 7(3?<fL/T 
E12l3>Sij:S$fiB I 7 Y. B I 8 YlrTv^ti-S^J^ttt:- A A<fig|^^F4is 
^U^-iXSI 3 2±(Z)Si^®l3□-:^- + 3.-7'5^ - 3 5x37 

• ^•tL(Z)y7;i./\':;:^qp;$ltTS7t^?tLx ^^^ticDD-i-- + a-7'$-7 

- 3 5 X 3 7(D^miiLm (U7 7 U >::^<iig-C mllB U 5" ^ ^ - i^SI 3 

2±(DSi!r®) b © ig it )iy^tii)o ?-LTx ctieroyy^u 
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i^iillScJl\TU5^^;u;^x-i'*R S TO) Y$ft^[pl0iigJ!)^|+)SiJ$ti5o 

©n-)ifii;a^< u5"^^i/;^x-s/"R s t t'!7x/\;^x-yws i xi* 

x-yWS 1 £DX$ft^[Rl-ffi'J(D®i;(is |211(D^)$lt1 6 e> (D ^ 1 ilj 

oT'i'xyxxx- vW s 2 0X^:;^in](DfttJ(7)®(;(i. El 1 ro^)$it 1 

8*^b0^ 2Sy^MiB I 2 XT^v$tl'5^j$l+t^-A/)<fiBI** tlTC^i.o 
TfeO > 'i7X/\;^x- vW S K WS 2(DXmi5\^(Dt\mi>X^\Zs 

h tt)iy;Ri/ 0 tmt^'^m t & o t u 5 o ^^tiiii® mi^^siiJiii^i+iij-c 

$'5*il::?5:t)Tl^§o 3 '^x/\;^x- vW S K WS 2©eiHlfe 
^ ff 3 ^ El ^ (Z) 0 :^ X - V » IJ^ Z 16 7? Ir] 0 JJk 'J ^ IE i) 1/ <i ?4 IE !!) S ^f 3 
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lix &Mm ( 2 o~2 3 ) (Z)Ti::fcsa)-Cx •i'XAXx-i;©^^;!/ hfij 

^ 1 mm^B I 1 X. m2i|iJ^||llB I 2 Xa)§^^$|+t^-Ali. 
^iLi\7.v'-V'H S K WS 2(D^i!)$5li|(7)±iiT^(3'i7X/\:;^x-i/" 

(i. Jfigj^^^P L 77'f/>h^24a. 24bCD 

{$fflli#^U-r'*i®i:$IIfe'l7X/\;^x-S;WS 1 . WS 2©{ugli. H 
1 m^^B I 1 X. II 2 $tll B I 2 X©tt}SiJfg(c:S:3UT'iS**i5o 

^1 (xiiii) tmmz^m.-t^^zM^nB i a Y^wi-s^j^i+t. 

7^'l'p<>S^24a. 24 b<D^h^M^^^>i>l:W> 1 $£ll (Xlft) 
i;^tL^tiSiS(l?5^^5m4)iy:5$llli: LX(DM^^B I 4 Y. 8 15 
Y:&^ti?tL*1-i.^)$i+i:/)^lSI:l-e>*iTl\2» (mUx El tf' T (i jfij :S $4 

T-vWS K W S 20 Y^[R]{iSit)IiJ(3lix iSi^3fe^m(D}5l^4'6s 

tut>-^%nky.^WTi^t^m^^Bi 3 Y©T)$it®it/iij<iA<fflue) 

tlx 77'fp<>h,^24 aa){^fflB$(D't?x/\XT-i''W S 1 ©Y^(p]& 
g|+)fi'JII(ix T^'fpO hi^2 4a©^ai4"C^x 1-«ct>^3fe$lll S X feii 
iitSSmiltlB I 4 Y(DIt)l'J<iA^fflt^bnx 7^-< ^ > K^2 4 bj^ffl 

s^ro-J^x/x;^?^- vWS 2© Y:trfp]iuglt;»JlJ:i±x 77'<y>h*24 
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^ihx ttj:t>t>mM^B I 1 Xx B I 2 Xli^■tl?4^©'i7xy^:^x-v 
6:fcx ±iBYtt)fJffi<D)IiJ:g$4B I 3 Y. BI4Y> BI5YCD#^)^ 
WS 2a)Y$£ti:^(p)(Dlt/iyW^lls hltiI'J*<pItgi:«:^TU5o 

*^ 1 ©HMm^-Clix ^j#it1 6. 1 8^tU^S'J:S*l6B I 3 Y. BI 
4Yx B I 5 Y^^t-S 3oCD^)$lt(D^lt5oC!)T)$it(3J:oTx -i? 

K WS 2(DF«3(3!)-:^/)<§7fcv-'5r>:;^;&||ff LTt^SPe^x ffeT^li-i^x 

-iy(D=fmt^tj:i\ J: ^iz. ^^?m(Dtht)miz&':5i^z±mm^m.9 o 

coJi^ii)t»i;r;^x-v$iJ^^a3 8i::J; 19 s ox/\;^x- vws 1 v 

WS 2 a)i^i!iA<^S$ tlTlN-So 
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Ax + ;:^/\*>y 4 6s 48sBl77'f7'fU>X50. U>X52x 
iii!)^^-54x U>X5 6. U>X5 8. 1^>X60. 

il^7-7-f > K6 2x pJliT'^'f >h'64> UU-U>X66x 68«| 

'^mLfz'ik. 5^-4 4(::J: Oiifpj^tLTx tf- Ax^^^x;f >y 4 6 . 

4 SIIJ; •5iS^&e-Agi;^Jfi^ti> ^l7^'i'7'fU>X50(::A 

U>X52. ^i!)57-54x b>X5 6 13 J: "9 SU^^^^3b<M 
J&ofe^i^J: 0^2 7^ L/>X5 813X1*^ tl5o 30)^2 7-7 

'f 7-1' U >X5 8 J; ipl^dl^tifcTfe^lix U>X60l3J:i9x U^^^^l. 

R t^^s&^]illIlsa^tl/c:ll^7"^'f > k e 2i3iiLx zztfjt^j^ 

*-:t)X^ti/c{iai3lBM$4xfcRli!j77'f > K6 4^:iiigLx U U- 
U>X6 6x 6 8 &igri^-;5:BaB^7ti: LTx U ^ ^ ;u R ±©±1211^ 
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7 0li. R h -i^x/N (WlX(iW2) h (D [S] ^ ^ g ^ ti 

z(D'^s ;^x-y$ijai^it3 8(3ck 0 X ±$i]fai^M9 oroji^icisi; 
ruf^^^uRii't'x/N (wi x(iW2) X i-^fe-^ u^^^I/:^x-s;r 

S Lh-^xAXx-v (WS 1 XliWS 2 ) + + >$iJW) 

A^rj^is^tiSo doiBiSB^siis Bii«iibys:T;$itv;^xA©)iyfi$4B I 

3Yi:)l:l$4BI 1 XXliB I 2 X;R0U5"^>iU^;$ltv:^xA(D)fliJ:l 
aiBI7Y. BI8Y tjIiJ:l$ifiB I 6 X0it)fjfil«:^ x ^ Uoo. 

-y$'j^^S3 8(;:cl;oTU5"^^Hgi)g|J3 OJ^ir-^x/N;^-?^- vcDlE 

p«i $ -tt 2. o 3tiii<i:'9v m^mt^ h M^m\z ^ ^ . ^(DTmzn^ 
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t;^©$i]^aic:o(,NT(i3KSi^i^ii5 , 5 3 4, 9 7 omzmTT^t^nr 

W1 X W2±CDffji(7),'i^/)^^,B^7'r --/l/ (w) ^M'j^t^miZnE 
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f /n = V/w ( 1 ) 

nP = E (2) 

^ih[.-cm%%M4 0i*iizifi!ite»*ifcM7fevxxA^$ij®-r5zticJ: 

^To U5^':7;u;^T-i>'i:':?x/\xx-vcDi^i!)r?f1iiSfiS (iBl^iig) ^ 
r MEM 1:: f£; i: 7c X X - i>'{uSa)^iE ^ *i 1- 5 o 

Ills *m 1 oHJSJ^ScDJSf^H^^STlix 'i7x/\;^x-s>'WS 1 

S 2 troFB^T-^xn^J^^ff o^2CDa!lii>';^xAi:^<iSltbtiTLNSo 
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xA3:5^^^TOo z(Dm^ (DMxkiy Alts ymti^izmjj^m^o 

iifsnirox^-fyi 86;Rt;m2(7):^^-fyi 9o. m^(D7^^■< 

yi 8 6l3lX"9ftlte>;h.yc^ 1 ©7>D - K7-A1 84. $^2(D7.^ 

d-yi 9 0 IIIXOWItbtLfc^ 1 K7-A 1 88^^#^■e^^ 

^ns^i ©-i^x/ND-yi:, 'i7XA;^x-5>-ws i ±ic:ifi!(tb;tirc3 

■b>-$'-7'yri 8 0$:Flf^fi±#iiib-rSo dtllCcfcO. -^x/XW 1 

T^m7r-0)0 J^na - ymM^M.lZf^ lCD7>D-K7-is1 8 4©i^i!) 
t:^^t^o zniZ^*)s -iJX/ND-y^iJil^ailJ: "9^ 1 ©X-^-f ^ 
1 8 6 tmmm^h. ^1(D7>D-K7-A1 84*<D-x-f>y 
i^'-f K 1 8 2 l;:>ftoTOx;\;^x- vW S 1 ±STi^ii LT -^xaW 1 
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/\W1 ' 07>a- K7-A1 8 4l;:Sltjl^ti§CDT'x 

0T(i'i7X/\D-y$iJ^gglzm ia)7>D-K7-A1 840 
A + a-A§f^JS4Jijrt-i)o ZhlZ^*). ^107>D-K7-A1 8 

K7-A 1 8 4(DjijBi:|l 1(DD-K7-A1 8 8 © ^ 1!) IflJS 4 *S ^ r 
5o ^ICDX^-r^l 8 6 l (D7>a- K7 

-A1 8 4/)<El7©- Y^ip]i::j^iJi&f^it&-r5tl5lii$ii^2 0:^7'i'y 

1 9 0 A^-^XAW 1 ^f^i^Ufe^l ©□-K7-A1 88 + 
Y:5|S]l::f^i!l^§f^JiS1-i»o €-LTx l|1©a-K7-Al 88A<'i7XA 

:;^x-i;ws 1 (D±tiz^rzt^. -i^x/ND-yfijiiggizj: 19^ 2© 

y 1 9 0A^<?±^*l<5 tilt 13^1 (Z)D-K7-A1 8 8 0M + 

-b>^-7'y7i 8 oiwct 0 -i^x/wv 1 ^T;?*^e>i$^±if ^-frSo 

IMTx ^^iJ^^S 9 0T(iOx/\D-y$iJ^^g(ia- K7-A(DiIiS 
^JlTjT-rSo 3;h,IZi:"9s ^2(D;^7-f y 1 9 0 A^^l K7-A 
1 8 8 Y^lSllilllib&Pw^J^LT^ 1 K7-A 1 8 8 

roiSii/)<ff t)tli)o 3<D^ 1 ODD - K7-A 1 8 8(DMi^mtl^t.n^lZ 
±$iJ(fflJ^S9 ■b>-$'-7'v71 8 OCDT^mWi^mi^bXO^L 

/\W 1 4 -t^x/NXx- vW S 1 ±(D^i2l7j^(D'i7X/\tx;i'yi;itM^ 
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OD-ii© S/ - > X A<|il7 1" 5 o 

/ND-x-f >'^<iSl3fei)'i7X/\Xx-i>*WS 2 i:©f8^T:±ilii:|SI^«II 

UTOx/^^m^^T•^o z.©^ 2 ©ttltj^ Y $iti^iR](;:Ji 0* 

^2cZ)D-x-f>y:^M K1 92. c:a)^2(Da-X'f>-5^**'f K1 9 

2{Z)Qox^Wit^m^ox^-( ^ 1 9 6;&i/ii4©;^7-< y 2 0 0. 

m3(DX^^^^ 9 6l3^>Pf>Htbtirc|g2(D7>D- K7-A 1 9 4. 
m4<DX3^ ^2 0 0 izm K> if ii> tltzm 2 (D D - K7-A 1 9 8^^: 

tli)lg2cD'l7X/\D-y^. -j7XAXx-vWS 2±I3IS 
1 1 e> *l ^ EI ^ © II 2 © -tz > ^ - 7 :^ i: 6> ^ fiS ti § o 

;^x-vWS 2±©':7XAW 2 ^*S^^^^P L «:^UT^?feibft?S:fT 

o T u 5 rain . :t (R'J □ - X > "i^fiS II r ±M © 13 L T 't? X A X - 
vWS 1 i:^ 1 ©aitilli/;^xAi:©F^T":7X/\©55}ftAMf^tiTtNS!yt 

't7XA3^j^li?ltjSgL\T^t3ili^5J;-5l3Lr7^'< >i > hi!I^t/)<^Tt)^l 

iPli. T;$ltvXxA©)fliJ:^$illB I 2 X. B I 3 Y ©lt)l!liH3S^t^T 
^f;b;h,. •:7x/\3:slfti:7^ -< p< > hi!)^1F*<^Tt>tll) Oxa;^x- vW S 

1 ©(ig$iJ2flix T)$itvXxA©;M:a$ft B I 1 X. B I 4 Y©itsyfil 
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a(DSTl3'i?xA;;x- S 1 ©Sip x' - •^^S F M 1 ± © S - •i? 
*<3t5-5c);a«:i3gi:?&ort^5 (Ell 9A#i^) o zoyfzib. ^%mm 

g9 0-^li> 7v'f/>h^^2 4 alCcfc'9Sipv'-:i7tiRFM 1 ±CDSip 

Ell 9 Bl^lix SipV-^MK 2(DB^t(0-mRV^h^7'7-( ^> 
h^. 2 4 aCDF I A^.-b >-t^-C^dlt SS^IX "9 ii*cDli^*<5j;^ 4xT 
L^So CCDEl 1 9 BlIfcHATx ?^ ^ S X I* C C D ©il^lX O ii^leffl* 

So CCTlis Xllll^fR](Dil||gxl9ai*$BH®*A<^$tlTUi)*<x H 

& 9 o 

±$)JP^fi9 0-e(±x MIBT-^MK 2©CLiii:}IiJ:i$l6B I 1 X. B I 
A y (D=Fm\0^timi^i^t\Z&^l^TmMnB I1XhBI4Y^ffltN 
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syi^smi^iS-^nxTOxAW 1 ®Xv 0:&[Ri©iuS^to-tt^^T9o 

Z(DV--^7'p ^ > K®i|l7^x Oxy\W 1 ±©#i/3 «y K^tSS 
A©iS5iJ^ ZTliE G A «:Mor*tt5 7 7 'f >7^'f ^ > i^ii^nt) 
ti5o EG A®:^>i(i^Si|tl^ll4 , 7 8 0, 6 1 7 -^l^ir^^i^* *lT33 

(i|iJ:ittiB I 1 B I 4 Y) (iJ; Ox 'i7XA;^7^- vW s 1 

-t^x/WV 1 ±©Fif^©it>y>'Ui>3 S©7^-<^>Kx'-'i7{ig^7 
7'f^>hi^24a©FI A^©-b >1^^Tlt)8'J L x Z ©ttJl'ilS^ i: i> 

15 > ^T©v3'y hiB?iJx-^^>llg1-So &*Jx Z:©EGA©I^©^ 

i>3 <y 0mmM.m^^ntht ^ o 
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^itfmmiz^ iiTtBtiiiiii: A F/A 1 3 2 mA^m) mim. 
)\.y^ ^ ^ > hmnw^^ 44^14 2m;§a2iy'-^*5FM 1 

±y'-'j7MK1, MK3 t^hlzMSBti ^ <7 )\. ±^ - 'iP RMK 1 . 

RMK 3(D0Jij\m±^Bm(D^niiim^th i:Lhizz>\,\zitmzmv^ 

1/5^^ JU;^x-^'R S T ^'i7X/\;^x- vWS 2 t^^2^[Rl(II^^^ 
fi ^ -fr -5 3 13 J: X + V >^3t/)Mf *t)*iSo 
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^>7;i,R 2 t b5^^^bR ITIi^^^f^ (AF/AL. H^M) ^^^i 
±iliLfcE17l37Fl-2o©'^xy\:;^x-vWS 1 x WS 2±-CMfTU 
©-l^x/NW 2(ix -f >^;Kvv3 >-C':7xy\3:5}^/)<^^ tis 

7 > h v-':7->X/)<<i|7 Lfc':7X/\^x-i;W S 1 ±O0x/\W 

7f^ i/ 3 > tmWZT "7 ^ > h^2 4 bCDTIlS^T-^tSF M 2± 

)$itvXxA©)|iJ:l$l&B I 5 Y$:frS^)$fta)U-b<y hlbftlix 75 
-r ^ > 2 4 bl3ct§Sipy'-^l5F M 2±©-7-^M K 2(D^ih\Z 
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±(DSipx'-'j7A<3|5Steg ((212 0 A#S1) ^T^lb^ tlS 3£Di^ 

^T"^x/\::^x-yWS 1 ^-B.MLs ^(D{i^MA^b^^i^)t)A^^Tt^i) 
iKDSiH ({ll:±B Ltti>) (3t,hO*l\T. ^)$itt:-A®ii)]tl 

x/\;^x- vws 1 $:g§g|B Lfcitx«i:^ip]:&ffliJi;^li!)^-itSo 3*11:: 

^UT. ^$iJil^g9 OTIix El 2 0 AII^^;txi>J:ailv U^^^U 
y^'f ^ > KSI^^ 1 4 4 . 1 4 2 (Zcfc •9S7t7fe«:fflt^rS*T-^t5 
FM1±x'--j7MK1, MK 3 tihiznat^t^ U5"^;U±y'-^RM 
K1. R M K 3(D't7X/\®±tS|^tO*BW{im^ai^fT?&5 o 
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HI 2 0 BIIIiU5^^;i' R±G)y'-'i7 RMK (RMKK RMK2)© 

(MK K M K 3 ) t^TjktshZl^lo ttz. m2 0 DlZltmZ 0 
mT!s Uf^^JI/^^'f ^ > hiiaSi 1 4 4 . 1 4 2l::Uf^^>UR±Q5T 
-^RMK (RMKK RMK2) ©Ox/\®±iS^^i:SipT-'j7*5 
±a)y'-^MK (MK K MK 3) $;|5)li§lZ^ill1-5ii«fclX Oii*©^ 

^ \^ mnm^ m!&t ^ c c oroii^isiOji^KH^r^-ro E12 o e 

3C:'Cxia2 0B(3^LfeUf'^)l'V-^RMKSl/ia2 0C(3^U 

fev'-i'MKro^^iytii-^jdjafr. ftjgoDjf^Ji^ii uftSo ^iPSFM 

±IZl±s El 1 1 II^LfcJ^ods M K 1 Sl/MK 3©4'*(CM K 2 
g-ri)J:-5l3SBg^nrfc'9> MK 1 i:M K 3©P^llli^tie»$: U5^^ 

MK 1 iiRMK 2 i:(Z)f^Plli:-ifc1-*.fc-5l3lllM^tLTt^5o 0 2 0 0 
It^ U5^^JU7^-fp<>hT--^RMK/)<^J;d irSiP^S© "7 - •i? M K 
CD 4' * l-fitS U T t^ i> ^ ^ *l r U S 0 
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§ m^m^ -i? x/\ ^ T - i/'mmt past -C # § J: a «c o fcB^;fe-Cllfr t 

C:tl(3«t '9^ m^mS I 1 X. B I 3 Y $:fflurci^*^l^ (^2©;;^x 
-iy'mm^) l3fclti)Sipx'--i7tfiFM 1±(Dy'-'J^MK1, MK3© 

y'-'i^MK 1 ( *5 <!: - ^ M K 3 ) /j^T^-f ^> 

RMK 1 iisicMts v'-'i^M K 1 ©«>prijiSfcJ;u'u^^^i'7^-r p< 
'f ^ > ssi^S^-e^tii^FtiSo ^^:■c^ u5^^';i/R±cdv--J7 rmk i 

/\;^T-S/'ws 1 AMx 1 X Y 1 ) izhit^o). u5^^;u/t^->© 

^3t{imi:Sip*5 FM(7)-7-'5'MK2 iKD+BW^igtit^lI J; 19 *A6S 
2lZt^ti^iy3 h®*i*«riuSM^i:x ^TtteMiiSiPIS F M 1 ±x' 
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y \ V' - -J? © it ay (3 ct "9 g JiJ ti ifi ^iifi © Pel Pi |Bl - © -t! > -y- IC J; 
1 4 4 "^STfeiiSiiS^ v'-'i'{i®i:©^ftfS^)^i:*iTUtili\ ■^© 

mz.w^mi^n.-ki\v^7i^^>L\z^^ . Y$i!i^ip)©^)$it©^)$n-t'- 

RMK 1 , RMK 2t b5=-^;i'filiimMm;i)7|-7-fe>> h&J^OpJifet^ 
t^h^hK #!)x.li'#r«W 5 — 6 7 2 7 1 -tiifSl^rja^F^tlSctaiilx U 
5^^JU7 7-f ^ > KB#ll1gU{T-:j7 ^fflL^Tffi®i^ll©gM^^T&•5/)^ 

ttzs 77^ / > h*l7<iLS/)^e>0 8©{iSii'^x/\;^x-s;ws i 

I 1 X . B I 4 Y©lt;im«:^x-$' LOO. 77^^/ > hJ^T^^IlS"^ 
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Ids E18(7)tiig*-C'i?xy\^x-vWS 1 ^mf^if^lZ^Wi^-\t-C'^^l\ 

tzi^j^mk. Uf^^Jb77^ p< > hSlSSH 1 4 4 . 1 4 2liJ:SaipY 
-^'tfiFM1±Y-'i7MK1, MK 3 ii^till^tfCI-?) ^5'^;^±T- 
^ RMK 1 . RMK3(DOJiJ\m±i9i^m(D^m{iLm^ih^<0iikm<Dl^ 

±IBi:filfil(lLTx S^$l7(iS/)^e. -t^x/XXx-vWS 2^EI8(3 

tfex Ell 1 IZlis •i7X/\:^x-vWS 1 ±IIiS}^^ ti5 't'X/WV 1 

W S 2±(CiS}#$ ti5 -^x/NW 2±®77'f ;>< >Kv-^>;^®^'f$ 
>-5'"/)<^^;lxTt>i)o 1 ommmB-Clt. 2 ■:3(D'l7xy\7x->''W 

s K ws 2 ^jiiUT 2;^:7c7j[n]i3i^ib^-a:&/)<e.x ^-^xaxx- 

v±a)'i7XAW 1 X W 2l3WLT^)t5>-'5r>xi:Ox/\^}ft • y^-Y 
^ > h v-'^>Xh$:il£fTUT:fT'5 diilCcfcOx :^;i/-7'y h©[Rl±^ 

tZ^tK 2oa)'i7x/N;^x-v^i$or 2o©i!)ft'&|BlB$Mf7MS 
f1!j;J©'i?x/\;^x->'-CfTt)^§i!)f^ll^S44;li)li^A^^5o ifex 

j£l3x -;^a)'i7x/\:^x-v±-cfft);h.Sibi'P/)Mfe;^cD':7x/\;^x- V 
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7.^^>m^iztor^^\jmmiitj:^t. xdr^y^^f^izmni^x^ 
-^n-)i'ifeff -5 dhA^-c^So zh^m^ "iRifm^ 2i!^^t. m^ 

3v 15v 17s 19s 2K 23j -C^^ni.X + + >M3lci:v Ell 

2IIfcH>T'l7X/\W2II^^Li!)<lF#-^ 3. 5.7. Q. IK 1 

3. 15v 17x 19> 2K 23j-C^^ti-5#7^-f-><>hx'-<7 

ttc. OJiJ\^^miZiol^T'^mm(DZtii^^?L^ti^o'^\Z. □- 
K 7 - A e> 0 X y\ -b > - 7 13 ^ i: 5 iiii^li s 
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2 4 a(IiS[lte>;h,feA F/A 1 3 0. Xli^^-f ^ > S m 2 4 b II 
Sfltbtl^cA F/A Li^ 1 3 4^fflt\T7^'f >< > h Btl;: •l7X/\® A F 
it/l'l^fTU> C:(Dit}|iJiisSmi:s iS^jfe^i^P Ll3lSltetifcAF/AL 
3 2(lJ;S'^xy\(DA F|+)||j^Sm^:l3So•l^T^3fel^lI^ 7*-* 

®;^ + -^>i^*DMiiB#FB^x (DS^B^^x (D^Tti^Fe^x @fi»^S/3'y h-v 

(mi 3© Y^lRl^roX-f 'V iZjiK) 2 V3 >!/ hXx'yl:^>^*/}< 

m 1 3(cii. ic: LT>*^^ tiyc-^x/NW 1 ±(Dv3 'v h^ilt 

2 1 0a)g^lii^/)<^^tlTt^5o ^ICDE1 1 3(ix -l^x/NW 1 |*llC±r 
^5, 4 4 8. 3 3 imznUBt^m^W-G - 2 6 3 A 0 3^^^^\Z 



wo 98/24115 



103 



PCT/JP97/04350 



xy\W 1 O^miZt^t^^fzib. ^^mzOiLnVJ 1 ©®±^MJ i^ih) 
?T & -5 :: A^T § ^ t^ o 

z:tifeMici¥ili"ri)o lai 4 a. i 4 b. i 4 azit. m^ s+iiAs 

F2it/A F^ibi^A F 1 - A F 5^/j<ll^T. Zh 
eicWL-^^xAW 1 *<^S^;ti-5©T'fei)*^ mi^±. El 1 4 A. 14 
Bx 1 4 Clz:fcH\T(i^ m^m^tl F RXf A F ^th!kt^ 0 :l J \mizM L 

m2^tbmi: LT©A F^ai;5^A F 1 -A F 

:&^iR]) [c:iB?y^ti (Ell 4 A#Bi) X tr^s mmmi fcd^s^isj 

©fte^ffl'JIIlix Il2^£ll^i: LT©A F^ill,-^A B 1 ~AB 5 

ti^\zm^ii^ti-ci^it(Dtti> (mi 4 B^m) o 
m^ 4 Al3^D^^r+Y^fRl(3xt >L4*A<e)A Fit)S"J^ff-pii^> ^ 

fcti^^SA F 1 a^n^A F 2 A<'i7X/\W 1 ®±$:^;|ir 0 s ^ 1 4 B 

t 1 4 C©ii^t -i^x/XW 1 ®±^^ai;i^ (ABI-ABS. AF4S 
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n^^olZ. 9tm3i-^(DAF^th!k iMTHt. A F 1 ~A F 5 ) t^±X 
OD -i? X /\ ® ±II#^E U T it>iy RjftgIC 4^ o fc B#/iS D -C A F tf-jlij t: g^^S U x 

h U^'J >y$iJP (UTx A F/A L$iJ^i:L> 

Ctlcfc "PB^b/j^&ii^lCN 3(DJ;-54^ A FH-)I'J"ei* A F/A L$iJ{5P 
mjt M^b ^ -It d h *^ 5 o 

Tx T^'f p<> 4 alc:ifi!l:)-^»tifcA F/A 1 30. Xli77 
'f ^> S^^2 4 b(3lSltbtiycAF/AL^1 3 4 7 7 -f > 

hffi^lc^xMW 1 ©A FttilJfe. g7tB§i:|5li;|fef^{:T:ff 4^-5 dhl^J: 13 . 

±|E(Z)A F/A LroiifAtroiitSiitlllJiSi^^Trfe^ A F /Aimmm 
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^(Omit^^±\^<i^o tt^tCDH&^o ±i5AF/AL^1 3 

OfeSt\|iA F/A 1 3 AlZlt. ±iilt L feJS^^^^ P Hzmi ib 
tir\,^^COiim\:^i'^T'OJLJ\)N 1 A F/A L|til'jr5C:i:/)<T 

§5^ 1 ^ail^i: LTCDAF^ihi^ (A F 1 - A F 5II*g^ : El 1 4 A 
;Rr/A F^ib;^ ( A B 1 ~A B SClfflg : El 1 4 B#Ba) 

W 1 Hits EG A(DmMi^§^t^AL 1 -A L 6 (6;^) H&oZs 
F^(lS^v-^>Xi:|5l U^JlRjTA Fit>l']*^it)S'JfiSC , A. Bicrlft) 

li#©A FI+)l'jl;:cfc?>^ai/i^A F 1 ~A F 5 *T©lt)lJJ$S^/)^7i^^ tlTlN 

So Ell m^mmititzii). •i;x/\®i3ia$:u^'j>^rfeo 

i: LZfr^LtztK Ji^liA F 1 -A F 5 S-e(Di|iSm/)Mi bOt^rl^i.0 

A^-HSfl^JTfeSo 

mi 4 AllTF^f tl5 J; -511s ^th/^A F 4;RUf A F s-clix 
A Flt)fi'JfeiESlI^T'^ C i:/)«T-i-5®-Cv Ell 7 llfcurt ^CDA Fit 
H'jfili 'i'xn®{iM^7j^ Ur t^So Ztid^tit Ux ^ili;^AF3, AF2, 
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B. C©#{jiglc:fcH\Ti:r©J;'5&lt}fiiJiS$:^Fl-/)^3!)<^*^S;ctox Hl^ 

^\Z^^. 'i?xME&g0itSiJf|5S'|4©^l(Dl5Hl*|-C':7X/\iia$:@ 
i^iiS (0) IwifiQitT*) < »6'-e§So 1"?&:^^x 7;j--:6Xa)ilt\ 

'feii'fct:^- \>yyt-tiX(DT^mmm^lt. i|tgf1^6 — 2 8 3 4 0 

T-v±-C'i?x/N^j^^iUf7^'r / > hiiift^rff ffe^a);ix- v± 

'^rM7ti!)^tSM^TLr^Tt^^ ±160)7^ -f ^ > ScDiilCx 7^'f^>h 
i^(Z)A F/A L^^^rj^oT -i^x/NSODA Ftt/lfeff a C: M^® 

Tfe B$ II 7t iro * iuS 13 0 X A ^ ® m \ J; 5 «c -i? X / \ ^ £D £ ^ 1: -^7 X y \ 

CDnffl'J*^bF*gl|iJ^[S]ltrX + -\'>^7fe1"5>3 hfIl^l:feoT^;7;j- 
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Ofl!)'^XA;^x- v^X Y Z;J|oll33*il3^i!)^-a:Tx -13<D'^JLI\7. 

- iy'-C 0 JLn^WktT "7 ^ ^ > h ibftSUff 1"^F^(C> ffe^O-^^xA 
;^x- v-eSJfelhf'^'&llffrS^i: Lx i5l^©i!jit/)<*l7 L /i: li# ;^ T: *J 

±$-a:Sc:tA^nj fillip So 

i/:^xA©)Sy:^$itiA<'i7x/\;^x- {^mm^Wzmf 

'^j:j\7.f--i^'(Di\smit^^^\zmm-c^s M.wmzitoiLnT.v'-v 

©-ja®^$ -i^x/MgJ; ^ Izf^'l^SLit 
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SISSIil 4 2. 1 4 4 (g^^ty^-r p<> K-t>1^) iCck'^a^x'-^ 
Sm24aXtt24b (:t77'J' S/;:^77 •< p<> hiz >Ht) 

®S¥ v'-^t5±x'-'>(Dl+)|iJ^7^'f ^ >hm24aXli24b 
(D^Oftl3'i7X/\±(3[)+^->r;U>3 7 h©77'ry>hy'--i7^^ 

JlT^-i ^> hSiaSn 4 2. 1 4 4 (Ick "J^^^^^P L 
^ L TS^ T - ^ *fi± © - i: U 5^ ^ ^UiS^J^IKiil Wiig 
K^^^2©;^x-vi^^^±T^{llL. (D±IB(Di:@^^ffiL>T#> 

©$Smx fj£3fe©^&*gl^^^.^©JS^4"t^i:7 7>r ^ > hl^©^dl4"i:* 
•^t>-&A^RjB^i:&Os m^^7-^ 7 6 4 6 8 -t'il^^SIZiBtS^ ;h,5 J; 9 
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^t^y^-i hi^©ifiSx #7 7'rp(> h&gT^f x.?>J;dlc 
T - V & >l*iL U Ti^Sj ^ -li: § C: i: /)< & § o 
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^iblZs 2 0(D't?x/\7x-vW S K WS 2 A<M.S<7?(rJ (ZZTIi 

htzm^ns I 1 X. B I 2 X(±. ^(3'i7xy\:^x- vWS U WS 2 
1 3 W U T ffS ^ tl X ^ X / \ X X - V CD X :^ [Rl ii S 1+ t- S to X 

i(D±. ±iB>I"J«llll B I 1 Xx B I 2 XlZMiyXT'p > S^®^ 
ZZ-(:\tym-^\^) (w}|iJ:mB I 3Yx BI4Yx BI 5\mm^h 

^UTx ZoOOJ^nX'r-i^VJS 1 x WS 2±l3(j:x ^*i^tiS¥ 
■?-^iteFM1x F M 2 /)<l9!lt6*ix ^a)S*^-:i?*5±© y'-^{iS 

A^iJiSiife Ox ^f»fW7 — 1 7 6 4 6 8^^mzt,m^h^^^tJi:k^ 
T - -J? ai(7)lt« t i: & 5 o 

*fcx ±12^1 (3!)ll]5i5Jf^^l3J:?>i:x ^%lW(D\^^<p JlR^m^X- 
b^li)o L/)^Ux Z:(D-m^7t>ilix ^^X!i^Ji>^j: < 2^^011 
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in 

>hfl#P^)x T4 ( 1 lsl®g)fel^FBl) lIfcH^Tx 8 'f >^'i?X/\II*Jlt 
S^^JOsSB^Fb^^ T 1 : T 2 : 9|i!>. T 3 : 1 T 4 : 2 8# 

0/(Tl+T2 + T3 + T4x2) =3600 / (30+28x2) 

= 41 1 oro-^JX/NXx-v^ri^oT-aMTlc^^: 

mmt^m^^n:(D:^)\^-r>i/ h(THOR = 3600/(T1+T2 
+ T3 + T 4 ) = 3 6 0 0/5 8 = 6 2 m/mi ) ttt^X7.)\.-r 

«y S*<6 6 >-r'5o ^^^^ ©hjiij^^co^^m^ 

^Mfeffll^^rTK T2x T 3 i: T 4 i:^il6?iJMSU^/)^e. -fiilTfe^: 

R = 3600/ (28+28) = 64 [«[/B#] i: «c 5 C i: 8 > if fif 
«Jti: DO F(Z)lR]±?i)m*li*#Loo;^;U-7'y K$:K#-rS dt/J^Rl 

;K3r 2[sl^7fe«:fTa (-a^Tt) Fb^ii. ?ii(::Rri!)T:§§ftij:^(D'i7x 

/\7x-i>*fIijT'i7xn3:5j^i:':7X/\7^'f ->< > h ^:Mff U TUTSI'S ii 
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S ^ as J: "J ^ 7t r ■& ^ II t> * ^ li » ii II ii ffl $ S t> ® T S o 

8 -f >^'i7XAa)#i!asB^PB^ ( T 1 ~T 4 ) t^tti'^tm^'^^ 

^ttit. *fgB^©J:-5ll2o©0xM:;^x-y4<^oT-fiii7fe>S 
Tll7tMS1-5ii^x T K T 2. T 3& 1 L (ft3 0|d>) ^ 

T 4 ( 2 8|j!>) tMMm^n^ V\tl H 0 R = 3 6 0 

0/3 0 = 1 2 0 SJk/^'l ii&'Jx \'D(r>^JLl\7.^-Vk^'oX- 
m.mk%'A^%%t^%%(Ji7s)\.-'7-j h ( T H 0 R = 6 2 [«(/B#] II 

[m2©lli6fi}&^] 
;i?II. *^B^©^2©SIJ|J^^$:EI2 22^0^0 2 3 llScJ LNTlJiB^t- 
ICT. fFiHUfe^ 1 (Dl|]KiJl^^i:|5l-^L < li|i|l|(7)^fi£SB^Il 
OL>Tlis |5l-©?^^*fflUSi:i:'fell€<DliiB-§*^BSIlL/eL < lit 

30^2cDl|]Slff^^lIJ£l^^7t^filix 1112 2IIir^tl5cfcaiI> ^ 

x/\;^x-i>'ws 1 ©-jS©^* (ws 2 (D-fflro^^ t» tiiiisi i; ) 

S'Jfillll B I 4 Y i: B I 3 Y iKD^gSFs^Sggl B L B I 5 Y i: 

B I 3 Y h©4l5P^S§ll'fc3ni:|ili;) J: t) oTL^S /ctox 7^ 

/\7.x-vWS 1 (XliWS 2 ) A<if$i!i 1-5 rain X S'i:Sf-AB I 4 Y 
(XliB I 5 Y ) A<;;^x-S/'©SI>r®/)^e>t;]ti&t\ck-5II&oTU5;^ 

li4tSfc^Wt5o zcDTzib. f^ilitS J;-5lix ^)$tt® 'J t hfltlix 
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E12 2iiii. 'i7XA:^x-$;ws 1 ±':7x/\w ^(DT^^ ?^>htm 

SUTUSil'JfiltlB I 1 X, B I 4 \(D^mtflt7^-( > h^2 4 a 
l3«fc:|,':7X/\W1©77^>7^'fp<>h (fliELfeE G AlZj; Off^ 

fetiS) IbftiUl^x ^)$lttr-AA<'i7x/\:;^x-i;ws 1 ©YlftT^iSi- 

Itm^mS I 1 X , B I 4 Y(D^)$l+(Z)lt)l'Jfilfe^-^ U00'i7XAX 
x-vW S 1 $:7^ / > h$l7<iiSA^e)^^U >XP L ©TldS^PT- 
^feF M 1 *<{iESo*lte)tii>S2 2a)^iSS-Ci^i!)^-ar5o ^©l^x S 

8 13 Yfi)^)$itt:-A/)<'^x;\;^x-s;ws 1 ©StirBICTSM* ti 

i) d: -5 Id i> o 

dOii^x -^x/NXx-vWS 1 a){iM$iJfl|llix )l'J:iaB I 1 X, B 

I 4 Y©^)$it(0lt;i'Jfil(i:Sc5uTff i&^;txTu-s<z)Ts Bfr«liLfe^l 

©l|]iJf^^(Dil^i:MJ5: "9. i$iJiIgm 9 0 Irlix ':7X/\;^x- vW S 

|jb >XP L©XTI3(u^i3^tot-i>ii8u) Tx )iy:l$lfiB I 3 Ya)^j$lt 
fe'J-b'y h-rSo 'Jt'yhJIT^x Ox/\:^x- vW S 1 (D{ig$iJiflli 
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)fJ:i$ftB I 1 X. B I 3 Y<z)^)$ita)I+5l|J^il;:Sc^l^T^f 'ScJbtLS.td 

WS 1 :&{iLei3tii& Ux Uf^^^l/^^iSSt 1 4 2. 1 4 4 Bfr«li L Ac 

MK3 t^tliZMHi^t^ U5^^?^U±^-^ RM K 1 , 

MK3^si^M (^s^^^^p L0isi^4"c^) ttommmmi^o^ 

Lfc2fi^^) (El 2 1 o 

Z(D^o[Z\^X-l5(D^Jil\7.^-iy1^S 1 fjT^Tt v-^ >XCOiij 

X. B I 5 Yro^J^l+cDltjsyfiiiiS-^'tNrfiSSiJ^^^^^^tiriot). w 

t>h^(DX. -iJX/N^T-ywS 2iJ©Ox/\2;5}ft>-':r>X&tJfOx 
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B 1 1 X, B 1 3 Y©^)$i+©it)im^^-^ Loo. m^ms I 4 Y 

-C-i^xyNJ^x- vWS 1 ^i^ijLs /l'J:Slft B I 4 Y©^)$lt* U -tz «y h 
fSo 'Jlz'y hi!lit$l7^llx ±$ij®^S9 0-C(±St/•5x/\:^x-v 
WS 1 (DmrnorzUbcDm^^^'MM^B 1 1 x, b 1 4 \izwo^7.t 

ox/\;^x-s;ws 1 feD-x-f >y/Ki>*>3 >i;:^llil-So 

^(Di^lfttflC. <%Jt(i}aiJ:^ttB I 3 Y0!)^)$ttl:f-ix/)<i5St®A>b(i 

■r;h<H-jIiJ^i^^&§*^ SEIi't7xy\Xx- vWS 1 OXi g $ij j5P © 46 ® 

)fj :S $4 © 15 Ift X. /)< «c *l T t N 5 © T ^ IflJ ^ I ± ^ t ^ o 
>'\|B]l:^T^ii!i$ -lirSroiiMfTUTx 'i7X/\;ix- v W S 2©S2p^- 

I 3 Y®^)$it©ut')/ h&Uff Lx -^-ai^x flfr ji 1^ ^ li: u r X 

^^mtSkail 4 2x 1 4 4^ffil^TS^\'-^7^gFM 2±©y'-^MK 
1, MK 3 tihizn!!^ti\^=}'<7 }[^±^-<^ RMK ^ , RMK3®0 

xA®±isgj^©*i*t{ua^aix tfe;b^^-':^MK i , MKstm^ 

^x ^46^to6)tiri^5Sip v'-'i7t5F M 2±© y'-'i? M K 213^1-5 
^5>3 >y h©^BM<ugM^^i:^7fe{iLfii:Si?y'-^t5F M 2±y'--i7M 



wo 98/24115 



PCT/JP97/04350 



116 

El 2 3 lllix 3CDJ;d d UTOxa:^x-S;W S 1 A< □ -x < > ^Jjf 

tmmizf^^ (DXT'-vmm^ (b 1 1 x, b 1 4 y) ±-c-7-i'MK 

AW 1 ±©^--i7l::^tUTE G Ai+)IiJ^II«iLx III i; ^ CI ^5 It 5 ^ 
tRFM 1 ±0x'-^MK 2a)J^^{4g«:Mi;T T-'i^M K 2 11^1" 5^ 

i>3 >y (Dii^M&mmm^wnit ^ o zcd^^-^eg /KWiW^f^^jis 

'i7X/\:^x-i;W S 2±'^x/\W 2CDS^|l7fe^#^■C^ Iit/ia2 2® 

!|^^i::f$fTl-i.c:ti:^i>o 

f^$l7^x ^7fe^-':7->x©i!if^i3iia'9^x.§p^a)Xx->(D^i!j<Dii 

4^ T iiO 0 X. HU i: <iO "9 ^ X. ^ 11 ^ ti ffl ^ tL § )iy $4 |5j B# IC X 
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5 :^ |Bl B$ X A X X - V © S it ® T- S ^ tl S J; d U)c c: i: 

)l:iffl^)#tf'Jt'V \^'ik\Zn^^^^P L^'ftltzm-^^T'P^ 

p(>K-tr>-y- (U^^^^UT^-f y > hSiaiftI 4 2, 1 4 4 ) I3J:I9S 
^^^>h-b>1t (77-</>S^24a, 24b) II<t "9 S*t5±(Z) 

T . 0 jfe ^ CD i) ft ffl -r i. aij s ^ s t- i) ^ 1+ 1 3 X X - V $ij 
'i?xM©ii7fe4^TJ5:■5^^lwl^ffl$4^^cJi^l;ol^rl^^B^ u/cA^ 3*i 

t» 1 1 15? # :b © I® & (S] ± El ti 5 ^ L ^ ^ 4# 1 1 § & $i) m 5 fc to T- 

-efeSo mxits 8^ >'f-':?j^n(D^mmmm (t i ~t 4 ) t'^^xi^t 
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mm^m-cm^tmmt^m^. t u t 2. t 3^ 1 ^)\.-yt u (n- 
3 OB) V T 4 ( 2 8 ii!> ) t mmm^ntjio ts t h 

OR= 3 6 0 0/3 0= 1 2 0 [tfe/l^] ii&Ox ^ ■d(D'^ liJ\X7'- 
i;^^':>T-m^%mt:mmt ^'^^^WiOT. )l -j h T H0R = 6 

%\ m:Ml^M'^\t. 2 QCO-^XAXx- vW S K WS 2^i$oT^ 
ibs ntl7&(Dj:^{Zs Z'DCDX'r-iy'Vi S 1 x WS 2 ±Tff t!)ft® 

vws K WS 2±-e^Tt)tli>i!J^t(D^•< s.x/mwzoiMim^^tio 

5 >^'"/)<jF^ nruSo 
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HJrai©et9i3s 2o(7):^x-i;w s K ws 2i:'iibh^mmzit. 

T^-f / > Si!lftA^^Tt)tLi)7 7'< p< > 4 b CD ^ib filmic 

ht^\^^mn (iN^sL^sib^t) -5 s 8if -r 5 o cctx -i^x 
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^tifc^^^s -^x/NW 2±T-;^!icfTt>tiSi!)<t*<|5|i^i::llff^^&l^^^ 

x/\W 2Ta)«/!.Sl!ji^$:f#^$-y:l>o ^ UTs ±$iJiP^g9 Ofli^ ;^ 
1 OI333UT':7xy\W 1 x W 2 ±l3i3lt SimSL^SIIlf'^*^*^ 

i!l^^A<ji0 3SL^f t)tix $17 trtNti(i;^:a):^x'y:^s i 2T-;^j©*as 
s^^lix ;^x'!/ys 2i;:HoT±lHi!ift*^?#'5 3i^tLx $fcs ;5:cdM 
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S ^ Sfr 1- 5 (Xx«>rs 1 4) o -t^xAW 2±-C|l]B$l3llff Rl 
ll± llH^f -r 5 J: -5 l; 1- S o 

»^g9 0 Xx'V :7S 2 0I3*JUT';7X/\W K W 2±l3j|3lti. 

s 1 6 izm^-c±mm'?tm'ombnt>u. i^j LrL^*ii±"xx'y:/s 

St/s mi 1 Z^l/mi 2;&ffll>T. ±IBLfc2o©';7X/\W 1 > W2 
7x 9x 1 1> 13. 15. 17. 19. 21. 23j-C^^ti5;^ + 
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S-tn. 3. 5x 7 . 9. IK 13. 15. 17. 19. 2K 2 

^fc. mi 2a)77'f^>hS/-'!r>:^ (EGA) X-li. #v3»yS 
^lii^i; 2;^(D7^'r / > KT-■^'^it)l'JUTt^SA^ El CD 7 "7 p< 
> hY-'i? (Ii!)^t#-^A^Ao■C^^35:t^t<£D/)<&So itlliN ^J1(S§*7] 

a)7^'r > s v3 h(;:fc(t4T<8"Jv'--i7 (la^^roiifts-t 3 ) ©ifi 
^-::7^it)fJ-r5fc«)v isiuKfts^ (cicTii3) -eaurfeSo 3 

tlW^®7-7'l' ^ > K Y-'j7®i!)f^S-t(I-3Urt>|iltlll3LTlt)i/)^fT 
;btLTl\i» ill's o 

^b(c> SI 1 iCTF^tiS -i^x/NW 1 ±-i:?lix >^%^r'i7^i^ 

6> 8. 10. 1 2. 14. 16. 18. 20. 22jT*^*tiS^-f 

s >■^f■c^Tto^l^ m i 2(Z)'i7x/\w 2±-eii. zcD-i^x/xw 1 ©:;ix'y 

gSiii'^) !&»>ft#-t ''2. 4. 6. 8. 10. 12. 14. 16. 1 
8 . 2 0 . 2 2 . • • • J tiSiS' 'T S >^"l:^ft)^5o 
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-^XAW 2T::^ + -\' >M7t$:^f -pJl^v ^1CDa-K7-A1 88/)^6 
-tJXAW 1 ^■tr>-$'-7'y71 8 0 l::SI:)-igri^(3^ C SiSli^li^SL 
gai:4^i)o UA^Ls ::0ii^lI'^XAW 2 ^rX^-^' >g?fe©Bfr^-C^ 

5o ttz. •i7XMW2l333U^-Cx XA t U 5^ ^ ^UCD|iI^^2*^^^ig 
II^-SfFf^fiDAQMiiB^lix ^^SLSS^'&^fctox 3 *l 13 111 ^ -tt T -iJ X 
AW 1 (Z)Slt/:gL^?Ta J; dials' ^ $>y|^M^^foTt,^L\o 

fe-^^x/Nwi V w 2±TM^f^lOiS■r5l!)^^cDrtx irtsycit^sL^ai: 

0(3.1; oTfTt>*i?)o 

;^:(3. 2o(D'^xa;;x-vws k ws 2|Bi±*<J$ft4t-i./)^s/)^© 

^)$lfef*H30l>rg|2 5 A. 0 2 5 B$:fflUTii4BSt-So 1212 5 Arii. 
'i?xA;^x-vWS 2 A<}S^pt^.^P L©Tl3fcor. ±iil«LfeT T R 
7^'r^>h^l3j;0 ';7X/\Xx-S/'WS 2±©aiiy'-^*5F M 2± 

-vws zommiiLm (x, y ) (o, o) tt^o mm^-^^mf 

M2±®Sipv'-^A^e)'i7X/\:;^x-vWS 2(7):fe^CDXj^*i^ (-W 
a) tt^t. •^x/\;^x->WS 2©£iro©J^^(uSli (-Wa, y) 
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■^-^p^timLtzv^cDmmik^^ (o, o) tUx ^zt^ibrnz s aiz 

^^Fti^-l^xyN^x- vWS 1 ©teSS-cro^iftSfe (-Xb) i:Uv 

(Wb) tnt. '^xa;^x-vWS 1 ©^^©j^^tettli ( 
-Xb+Wb, y) ttji^o 

iiLTlix ';7XM:;^x-yw S 2(3!):fcSii: -^^x/nxx- vW S l O^im 

tmmLtjii\i^m-C&irzlsb. 0<-Wa - (-Xb+Wb) (Dlfefl^ 

ttz. Zhtiti^lZ, m2 5 B-Clix -;7x/\;^x-vWS 1 $:ia2 5 
A(D^SA^e. (-Xa) CD^[S]lwP;f^S§ll^i!)^ -frTv 2o(7)Ox/\:;^ 

x-vws K ws 2;!)<m& "j^ofe^^^jg^urus (llligi;:2o 
©'^x/\;;x-v(iSfe l?^JbJ5:i^/)^ ^ '^x;\;^x- v«:Miz: Lr$iJ 

o C(Dli^l3fclt2>'i7XAXT-yWS 2©4fiffi(Di^^{i®lix 
(-X a-Wa. y ) «j O v P -i? xy\Xx- v W S U W S 2*<S:t^ 
\Z=F)$tl^i'¥t UTx OxaXt-S/*W S 2©t^i:':7XA;^x-i/ 
WS 1 0>-X a- 

Wa- (-Xb+Wb) X'TT^^hi^W^X-mtZtt^-^t^o 
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Wa + Wb<Xb-Xa Ifef^iC 1 

Wa+Wb^Xb-Xa ^i^^^Z 

/\;^x-i>"WS K WS 2®i^i!}^$iJfiiPLoo. Hi^sC 2 )iifei-!yt>a 

jsi^jfe^^^mp LcD^lfiiiS) ^I^ife 
(0. 0) tt^=Fms^(Om^P^\'^rMfmb. jg^H^/t^ (CC: 
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mi(D)Hm^ (BIIX, BI2X^) l3S-:Jt>T 2Q©'i7xn:^x- 

^•ws 1 • y^s 2 om^itm^Mti til 'tiz, 

^ZtlZJ:<0. Ifef1=^1 (Wa + Wb<Xb-Xa) ^MS^t^t^^t^ 

^mS.t^m'^lt. 2offi't7xy\;^x-vWS 1 •WS2|ii 

mmt^ztt^X'^i, c^x'vrs 3 2 ) o 

vWSl • WS 2HTT)$/)^^±t-5fetos 5E$iJffl^S9 ^ti 
^h(D7.T-i/\N S K W S 2±T^f*)tlS^!)^'^(^>^^7Slr®B#^&i:t 
ISiti). (Xx')/7S 3 4 ) o ZZH. :^x-vWS 1 ©^A^^<iH7-r 

±$iJilI^g9 0/)<:;^x-yWS 1 fe^*l$-ttT. -i^xAXx 
-i/W S 2 4^$t6^l-^ii^Jii^-a:^ (Xx«yyS36) o ^UT. ± 

$iiP^S9 0(is ':7x/\;^x-yws 2^^i!)$ijfa)uru5FBi(is ±iB 

S 3 8 ) V ^{^1=^ 1 *^)ilS^ti&t>raii:^x'yr S 3 6 IC^oT-^x/N 
;^x-vWS 2fii]*^$fe6<]l3if$»I$iJSP1-So ^fex Xv'-jZrs 3 

§'j7x/\xx->ws 1 ^j5?l^Lr ixv'^yzrs A 0) . ojljst.'t- 

vWSI • ws 2 $:^ti^-ti54ibr^li!)$ijffllt5 J:dlC-ri. (Xx'V 
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3 2 ) o 

1 ^m^z^^iz^mmmtio 7,r-^i^rs 4 iMS:t^j:o 

i$iJ^fP^S 9 0 (ix '^?x/^;^x- 
vWS Z^m^i^X (7.x')/>^S 4 0) X OxMXr-yWS 1 • WS 
Z^miLbX^Wmti^'DlZti (Xt^'V^S 3 2) o 

C:©J:-5(I. i$iJg|^g9 Oli. ±IBIfeff5Ci:Xx-s;$iJi«l^® 3 8 
&^LT2^(7):^x-vWS 1 • WS 2 $:f$l!)$)Jffllt 5 3 t C: J; "J x W 
X X - V 111 ± L & L\ J; ^ let- 5 c: i: ojftg I- & 5 o 

*)jgtrcisb. ^Tfeibit^ff -5;^x-s;iiij0ij)lt$l7B§FBl/)^7 7'f ^ > s 
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L^(ic:tLi^il^^oi!)^tfeM^f^^la*•t^rt^t^/ctox > hiljo):^ 

X - > © lb f t B$ Pb^ I i Rl IS PS "9 5fl L fc M * L t \ o 

A'^^^tlS (E1~E1 2) o ZhlzmZs ia27A(3jF^tL^J; 
oils EG AI3J:57^-f >^ > hi!)^'^^^T■5 -iJXAW 1 ffiij-eii^ g^fev 

(ix «?'Jxl* TAj £PT7FUfc4 v3 «y h i:. Ei 2 8 
> hfl'J (W 1 ) ©Xx'y t::>yjiJ^©^^A<:^^tii)o &J5x El 2 8 B 

1212 8 AI3^^ tiS J:^lCx E G A II J; S 7 7 'f >7 ^ -< / > KK^t 

fe-i^X/WV 1 -Cff -pJl^lix ijftS^© 1 ~5(3Ql^T|s|EI (B) (3^ 

^n■5:^ + ■\'>S3fe*<^ft>*l5•i7x;^W2(c^^^£;■r5v3 •)/ S^JiliW 

tlix Z'zxD'tpjLJST.T'-vt^mrm^i^'^rz^mn^n^Wit^zt 



wo 98/24115 



129 



PCT/JP97/043S0 



y^'f / > KI!)ft4fT"5 Ox/\;^x->W S 1 tJ«:ib«6<jS filial!) $ 
©Ox/x^fe^ti-e^xJiilCf^J^L^c 2 o©Ox/\;^x- v±l:fTt)*i5 
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i5\^izm± L-c^m%mt § ii^ii X 2 o © X /\ X X - V 
m^'^m^its m-^cDXT^-^ym^^^^iz^wimt^mizLrcCD^. 

$ -li: S J; ^ ii^ ^ ^1:^ W ^ * ^ A^'SJI^ 4 § o 
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(DtUTx^JxIix '^-77-<>5^x«y^ (BCHK) x -^x/NJ^Slft*^ 

g^iljft t Mff^iQiS-r s J: 3 II u r ^ o 

A F/A L.ltS'J^:^Tt^OOx ^©l+SiJISmilS^* 7 :t - * X • 

m2 Qizits m4(Dmmmmiz%^i9i^n9emm2 1 4romBS«ifi£A^ 
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5 A F/A L^/)^ m-ftmi^i F(D^^:&\^(D-tmtmi5mizmf^ 
mx'Tf.irzm^ ox^^t. m%mw.i Fo^a^iS] ( + y^iS)) tiix 

^^^fi7?[Rl (±X7^fSl) Id^mj^A F 1 -A F 9-c«i^^tis^ai^Jit 

A F E (I2I3 5#a^) 3f)<^(t btlx It^^I^I F (7) IN ^ S fp] G) 41 J; 0 

t:^§t^fBSlliiB5'J*;KTuSo ifex ^^fe^Ml Fro^fi^^iSi (-Y 

iZlt. IN^fiT^lRl (±X5J[pl) iZ^thf^A B 1 -A B 
h^^ih^m/K B E (1213 5#ft§) *<iftl:fe.tis S^fe^^I F(Z)IN^S 

;^[p]®iti<t "5 t»;<#i'^^H(3iB?"J^tiruSo z:;h-b(D^£ti/^A F 1 

A F 9J3Llf^ih!^AB 1 -A B 9(ix iti^hm^tmHl F^^Mt^ 

^2^|S] ( + Y:&fp]x -y:^(r]) (D^B5ffliJi;:ES^*iTi\Ts 

I ; 1 1 5 -t? X A W ® /)< p;f ^ ® S iP ® 1 3 W L T © ^ ^ *l T t ^ 5 © ^ 
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2(D^mm'c&io s ma siix Eia 2 ^t^^S:iD\^f^^^rzmmmi:& 

% o 

1213 llklfmS 3l::^^ti5 ?4AIJ^roA F/A L^omm 

^^J^^ 5 1 aStJ'l 5 1 ht'^ibMlhthrz^^lt. '^xaW®±C!)I^ 
^$:?^fS]l355tJ^rc^iiiflfe A B 1 -A B 9 t^lh^P. F 1 ~A F 9 ^BsSi 
Us •:7X/\W®l3rJ5l*^tLfe7t^*^?4AStjt©A F/A L^(Z)ft^)t 
6 1 a;Rt/l 6 1 bllTSTt^tlScfcolI^oTlN-So Ctllis 

ifi^^^^^ P LODis^u >X(DN . A. imn^) t^:^^ <tj:^\ZOtl 
TiSf? U > XT® -t? X yN W Pb^(D 9 - + > y 7= -f ;^ ^ > ;^ < & i) 

?&Uj;ol3ti))cto-Z:& 0 X N. A. <7)Ji; A< 0 gP^^^^^^ P L © 4 
5° T^fpllI^t^-i+Siit'fedx ^^Tfe^^P Lfe«fi£t*!ft^U>X(7) 
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mm 5, 4 4 8. 3 3 2-^(CWPSt5f#r»^¥6 — 2 8 3 4 0 3-f il^fB 

1 ;^j7cii^Miii;:TA F/A KiM^^dil-s i ;5:7t^!as©$fe^*Mi» 
Jicfc "J ^3 'V ^•E?'J(^>;^*<^tl^ii^®$tgs*$^J^(c:ot^Tl^^B^•r5o 

(D9tm^%mizmti,ttnm^7j<Lrzm'(:h^o 04 2Tiix ^gg^ 

^fT-5M^$iMI FlZMbZ^^t^ {mm±l5(D^i\i:^\^ : UPgldli 
^^fltil FRXf/KF^thj^A F 1 - A F 5 t^M^-Q Z h io IZM L X 'tP 

^tlfeA F^m^i^A F 1 ~A F 5 ;!)<iB?iJ^ tiT U5o 3© A F^ai;feA 
F 1 ~A F 5-Z:^i^^tii)^tbfIMA F B(ix ^±$tl^5!^$<Jf5P^?f ^ 
toll A Fit)l$:fT^*.®T:x ^(D^Jli^^A F B a)i|i*<g?lcTliS I F (D 
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4 3lZfj<t^hi^r>\Z^ X'T-i/CD^WzWoT A F 1 ~A F 5 ST© 

h^t^-Ulix^-*^^^ Ur Us A F/A L$iJ(ai/)^l:$^j: < fei>Z 
A F/A L$iJSPv-'5r>X(3t^St^S/)^&^feo 

mi ?\znLxk?^]^^(D^^^m.i5\Pi(D^^miizt\z^^ s 

)i m ?U ffl 1" 5 C h 1 3 ^ o r X ^ - ^ ^ L It t ^ $t ^ * $|J {|1 ^ -5 J; 

EI 3 4 13 lis m4 0||J|JfiSl::#5 A F/A L^^fflt^fe$t^*$lJ^5P 

'i?x/\W(D^®l21;!)^^^ tiTL>5o ::a)E13 4tt. StiS 
3i I ; 0 X A W ^ g )fe 1" 5 Z: i: /)< T- 1 5 )i 1 1 r $t ^ *J ^ H *S L fe ^ 
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TL^i)o ZZ-Cs >y h^i^mzt^OAF^it,}^ ( A F 1 ~A F 9^ 

AB 1 ~AB9) ^mmLZ AFtimtnot^t: ""A. B. C, D, E. 
F, AF, A B J <D^l::^^^-^^>^^^^f oTv Ztii(D^</)l-m 

1113 6\Z7r^^him(D^1j\^lZit. ^mti>AF^ihj^ (A F 1 ~A F 
9x A B 1 -A B 9 ) (Ditm^Tji^ti. fi!{5^(S]l3(i# v a 'V h$m^^ 

5 J; -5 II > ^$|J^ ^® 9 0 i:: J; "9 $iJtai ^ ti S o 

i^^m^t^m-^tjii:) ©va k^^2 i 2 tm^t^mizm^t^h 

-5 A F^ai;i^^';7XA®®$ti^*.$iJii«iPjaJ§li^©{igg|#$:^ UruSo 

dcDii^, m%mi^i F t^i^Mi5mz^mLfzifUhrz{iLm.iz^^t 

■5 A F^ttJ;^AF 7^ AF8. A F 9 U e> tiS «t "5 9 

9 OICJ: i9*l^^;h.fe3Q® A F^ai;iSv (AF7x AF8x 
A F 9 ) '^x/\®±ll{iSLTt^S/c4!)x teiiS^"C^ L^c v 3 S 

1 2©S3te/)<*l71--5*T3(73 3o0A F^tbi^A F 7. A F 8^ 

A F 9-eit)I'J^*ifelt)iyfili3So*ur$fe^*$iJii«:ff o J;-5li1-So 

C©0 3 6;RUf03 7(7)ii^lix v3 <)/ K fllilCiS UTi^ffll-^ A F 
^ai;^*<?toll^^^T^^?) r A F^tli,'^gl^)Sj TfeSo 03 7©i5!l 
II *5 It S i> 3 y hfli^2 1 2|*l®lli+)IiJli^ ^ai;feA F IfzlfHSboTs 
m^t^iyB -J h^it±(D^tii!^A F 8 , A F 9 (OtrMU^^^^^ Z t 



wo 98/24115 



137 



PCT/JP97/04350 



FS-AFTx ABS-AB 7 (D*^ffit^Ttt^BlJ/)<^Tt)tls v a hfl 
^^CD^tbfl^A Fix AF2s AF8s AF 9 (iiSffl ^ Uo 

SJ;-5l3x ^ai^A F 1 -A F 5^fflL\Tltjl'J/)^?Tt)n5o 

7E-e(i. 03 4IC^^ti5i:-5llx $fe 1^ *■ $iJ ^ (Z) ^ 4^ T ^ iil ;^ A F 6 
A^feS^i^liv ^di/ifeA F 6RrfA F 7 (DtfM*<^-5 J; -5 (I LT . - 

e> -t? X / \ w CD ^ *t (3 ^ to e ^1 ^ ± =^ c) 1*1 tJ (7) * >fi) ^ i4 1*1 ic -r n 
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3 QCDi^'^lt. m^Jllt^BiAAF 1 . AF8s AF9(D3o^ffiL\rtt 
m^n^K )!fHZs ^ihs^AF 6. AF7^ AF 8. ^(D)XlZlt. ^thj^ 
AF5. AF6x AF7h«:i9s A F4. AF5. AF6 

^^2 1 2l*|(D3^a)^al;^A'«l^tli)J;■5lI^z>•tl■G)^^)^9)ftx./)<^ft) 

?MMi F*<^(|ijA^e>F«9ffl>J'N^2§7tr5ii^-c&^rt (iipg(z:(i. 

5) X 5tM*$'j®^-rsci:llJ: •? -i^xAS&afe^f^^t^^P LOIS 

13 ^ o fc^ib ffi 1- S *i 13 L T t, ^ U o 

Oi^^x 1tlk(7)A F^i±l/^«:MffltSZ:^llJ;orx ^i^^bSft^ A^ili < 
&i9x -iJXA^JiglJ^V 'J^0f^#?fc§(tli< T§§i:tNd#Sil/)<^?>o 
tfex A FH•)SlJ(3ibH^rS3ittrat^ii^&ir■^:li^ itDjamii-Zi^ 
< &-i)o 3 050 3 9(Z)ii^tlil3 8 tlillillx ±$iJi)^g9 Olix -i^x 

A w ^ ^ 2 :^ fS) (z ^ »} ^ -tt «: e) 'i? X A w © gp 13 ^ to e, ti fc « ± ^ 

fetox -^^xAfDHJ^iugtSfBiix A F^ai;^ia){3iMtifSi:x MT^WtT 
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j^oizmmt^o zz-^it. AF^thj^(Dmzm^ii^rj:{,\tztb. afi 

r A F/A Lit>fliJ«:fT-5«tdi;-rSo ZhlZ^K^. -^x/x W©^iSi4^ 

4 8,3 3 zmznii5't^^m¥Q- 28340 d^mdiiztm^hz 

i^ii$.W\zntx\t i z t\zj^ >) . 'i>x/\^jgj£«g^';7x/\i*i©i'3 «y k 

I F(D^S^[p]CDi|iS& 6~8 mmi: L> ^?tB#(w*5lt S Ox/\CD 

izt^itK 9cm3)^ A F i^ih^t^^^mziiif^ 0 iLn^mm^izMt 

5 * T0*n3i + M^S§g| ( L = a- 1 0 mm) T-feS$ft<x;i/-7'y S 

JH*l(Z)'i7XA(7)^Jll{ig. V3'j/ h^IMroj^^fiLg. g^^i^IFA^e) 
A F^i^iktZ(DmmL(D^WZ^^WlhL. 'l7Xy\^Jl)(Z)A°^->^ 
±^ (Ji^3 mm^jg : HIS 0#aa) J: "9 $t^^^r^f1$aG[mA<l*lll'Jl3 «c o 
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(511 s $tl^*^£li;i^*<8 Omm/s e c Tl^lb LT^SB^IIli ^0 7 
A F 6 /)<ZiM;?fa](;:8)lMmWT©iSI|-C^ofc&e>li\ $tSS*$iJiiB#® 

H 1*1 -C fe S ii^ i:: $t ^ It )IiJ Ifl t i. ct d l;: L X ^fSH ^ M ;i i> 
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3 i: 1: # i» 0 

So*tNT^D-/\*>iU A FXlix "yD-/\*>iUA F/A L^:II^TLrfc < j^J 
13^11(0) A F^aiii^(3C»-gi3A^A^*^cj/cli$^T7*-:^;^©$t^*itjI'JA^ 

fMtfti. ^(Dtmi^^iz^'^i.^Ty t -ijxmm^mi^t ^ jio iz o 
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ti h ^ 'fc A F ^ iU -i? X A w ® ± I *^ o -c $ fc ^ I z: ^ (D & g 
'^U >^$ijaili^ OJ^x-S J;Ql3t-5o Clots ztdJ; 0 V ^J^gjJ© 

^LfeOx $fe^*$|J^lIfflt^5 A F^di;^lc:«J:§^ai^'i7X 

m ^ CD ^ 4 RS ± t- S 3 A< -e g § o 

&ib\ ±ieil4a)l|]5lffiEI'eiiv i ^©'^xa;^x- 
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2±4't?x/\;^x-i;ws 1 iiliJilLlzX Y 2}!fi7z1o\^lzmm'^mtj^fH 

2S<fi;^x-yi: Lra)';7XA;^x-vW S 2 > 2o©'i?xy\^x- v 
WS1, WS 2©^ti?tiCDC[M4l+)fiij1-5^}$l+5>:^xA 2 6 C 
PU, ROM. RAM. I/O'f >^-7x-:^^^:^^■e^ifi)c^ tlS 
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•7>7(Di *^^(DP$^s XliK r F. A r F ^a)x+ i> y' U -Hf ^^;b< 
.J: o T X $4 ^ IS] (1214 4lli3(t-5iiift®:fe;&^lSj) . (E14 4I; 

iiif^mmut^i5\^) Rifei3\5i (x Y®rt(7)[2ife^ip]) izm^mm'sj 

R ® A' ^ - > © (f'C^ (U5^^;i.t>^) *<iS^7fe!?:mP LCD^iiA e 
i:ISIJ-S(1-5!|^j||TU5^^Jl.R ^rCtg^to ( Uf-^ ;U77 -f S) 
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LO) Y$lll^|S)-f|J (1114 4(1 *J Its ffiSHaiJ) ©iJaiCli. -iPXM 
:;^x->WS 1 , WS 2 0S^li#O Yill7&lRl{ug*iS(Z)»iii:^i) YSI 
^^1 4 Y*<Ill^^;h.Tixi) (E14 6#SB) o 

x~i;ws K WS 2li^-;^ 1 2±®i:0PB^(z:ifc5^ □ > (Am) ^ 
JS(D^ ^jyy >7.^i\^bX^h^h^-7. 1 2±7^(3>?±3^^#^tlTC^ 
So c:+ie.(D'i7xy\;^x-vWS K WS 2c7)Xtt^[ai-ffliJ (1214 413 
33it2>:fcffl'J) ©®;Rt/Yi&;^[S]-(|iJ (El 4 4 ICifeltSlftB^fiy) ©SIC 

So 

a;^t-vWS K WS 2\t-<-7. 1 2±^X Y 2 )%7zl5 ^\znmt i> o 

ttab-^s ':7xa;^x- vw s K w s 2 jEsro^y^^ s i^^^-x i 
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^^g2 8iz:«fcor$iJ{ai^ti'2)o 

(Z)'i7XA:^x-vWS 1 , WS 2±(c:(ix ^©^a^^-i^xAWrofiBi: 

ruSo -5?a)aipx'-^«RFM 1 ommz\ts ID4 5©^®eii;:^^f 
ti§ct3iiv ■^©:l#^^(p]tt'*g|Ji::^tili1-5 0x/\7^'f p< > 

WA-eti-JIiJ-rS/cto®-?-^ WM;!)<JfJfi)i$tls Z:®"?-^ WM©«f^;? 

v'-'i? RM/)<J^fig*tiru5o fte:&©S¥y'-'i7t5F M 2± 

t^So -^JXAWiciix Ml*T:0^7fex :?"D-ti;^iJ!iSiiet 
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5 F I A (field Image Alignment ) JhOT^^ ^ > hmU^tm^^^ 

h 1 6 0i^©^Ei^(3!)fi-t*a3iiHissi3«b o^as^ tl> 
z:o5ira>f*fiLS/)«±$y^^M2 8ic:fe^e.ti§o ±mmmm2 Quit, z 

ommiZit. 0JiJ\X7'-iy\N SI, WS2cD7^'r><> hm^^ox 

{t. -^^x/NXx- vWS 1 , WS 2©^7ti!l<tB$CDY$E67^[ql{iS*iS© 

T^-f SM^^iiUriiF I A^lZ^iot. L I A (Lase 
r Interferometric Alignment) ^-^LSA (Laser Step Alignment) 

(DM^t^^m^^. i^>^)ii^mt^m LTis*4s®©ii^ U'^^kdh 

i£b=&^tB1"i> S T M (Scanning Tunnel Microscope : ^SM K >^5.;i/S| 
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cDIHlti^^tti-rS A F M (Atomic Force Microscope : m^NitlBW^) 

A. 5 2 B/)<iS!lte»*lTU5o b5^^^U7-7-f ^ > h^a^iS 2 Ax 5 
2 BOD^iUfl-^S U S 2li. ^$ijaPlgM2 8 IZffii^^ ttS J: -5 13 ^ o 

^>hM^^5 2Ax 5 2 BI3^< ttoCDiilSlS^- 5 4 A> 5 4 B 
iiS§U^^^U77'f ^ > SlSiiS^S 2 A. 5 2 B t-W^^lZH-^v h 
it^hX. -W(Z)SISiS^a- >y S 5 6 Ax 5 6 B A^^SjS^ tlTtx i> o 
tie.©II(i»8t^^-«y h 5 6 Ax 5 6 Blix m%iy-tr>Xt^m^^tii 

iix ±$ij^^g2 8ii^^(om^iz^K> . T-m^^<D^^-mwimw.\zj^^ 

;5:(Cx -i^x/xxx-vW s 1 x w s 2 ©{iM^^SI- SEI4 4(D^}$ 

Iti/XxA 2 6 II•^t^Tl$i^li■r'5o CCD^ ^^ft vi^x A 2 6 lis ^Pg(I 
lix 1214 6lC:7j^$tli)J;ei3x Xa7^fRl(iLgtt)fJfflCD^ 1 ® U-+fT)$ 
tt2 6 X e hx Y$lli7^|n]{iLStt}«'Jffl©^2©U-if^)$It2 6 Y e tx 
X^^fa]agit)lffl®^3a)U-+f^}$l+2 6 X aiix Y$ft^lRlfiSlt 
;IJffl®||4©U-1f^j$H-2 6 Y a t!|:#^-^?^^^tLTL^5/)<x 1114 
4T(iZtLbA^{tS6<Jl3^)$lt>;^xA2 6 t UTEl^^ tlTU^o 
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ttiZs 't7x/\xx-v (ws 1 xiiws 2 ) (DSIir®i::WLT)|iJ:ghr 
-AX.2^^fil4L^ 3tie> 2*©h:-A®si*7feA<-oic:s^ae>nT^ 

- V S I* ® ® geiu Itil'J 1- S o 

m2©U-if^-^it2 6 Y eli. Ylil^fgl 4 Y iZL^t^ UTiSS^ 

fStiitiix ':?x/\:;^x-s; (ws 1 xiiws 2 ) ©st*®lc^* ur 

jI'JSt'-A Y.2^}SI^Ls dtib 2*<Z)e-Aa)SI^3t*<-olCS^at> 

y \ ;^ X - S ® ® ^ ii 4 It /I'J -r i. o 

m30)U--y^)W2 6 X ali. XS^^I 8 Xl;:Jt*LT77 
•f p<> KM«lllStWA©^di4"C»S®§X«i;Jlpl0U7 7 U >Xt-AX 
.i^JSitl-'Siih'tlCx '^xy\;^x-v (WS 1 XliWS 2 ) (D;^!*® 

iz:WLr/|ijfitf-Ax.2&jsl^Ux c:ne> 2*©i::-A®siir)fe*<-o 

listed) tlT^)$^-ti:e>nfc-?-©T>$t^^llSo*UTIiI^II1 8 XII^Tif 
f 5 -i? xy\ :^ X - V Jg|^® 0 ItiSiJt" S o 

m4rou--tf^)$lt2 6 Y a(i. YSI^iil 8Y(c:WL/r7^ 

-<p<> ssi0iiWA0^ai4"i:^^3i5 Y 116:^(5]® b7 7 u>::^tr- AY 

..^iSl^ti.i:htl3x •l7XAXx-i>* (WS 1 XliW S 2 ) (DSS*® 
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U--»f^)#lt2 6 X eODyliJ^llli^mi ;fl'J:g$lllX es U7 7U>Xt"-A 

S^3(Db--tf^)$ll-2 6 X amm^^msm^^X a. b77 U> 
:^tf-AY.i^iJ/;*Jfit:-A Y.2A^6mS^4(DU-ifT)$tt2 6 Y a 

SllI3JE^LT*J<9x m3)flm$fiX ah^4)Iij^$4Y a hli. 

UTx 2i^;^l5fa)^xD^>f >^}$l|-«:ffll^5C:i:A<«k O-IM* Ut^o 

0 4 4IZM'9x ^)$ItvXxA2 6 ©ItiSmii ^fiJSBI^g 2 8 
^tlx ±$iJfSl^® 2 8TrliC:a)^i$lti>:^xA 2 6®lti'm^^-^ U 
oo. B9iliUfe'>l-7^-^«:^Lr'!7xy\Xx-vWS 1 . WS 24 

EI4 6 /)^e>'fcB^b/)^&J;-?lCx *^5©l|]!liJf$^0ii^x ■:?xa;^x 

->WS 1 XliWS 2±(Z)'t7X/\Wl::^[^ LT^I^^^^x P L^tfrUZiU 
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2 6 Y e(c:ckoT'i'X/\;^x->a)i5ffi/)^gS^ti> 7 p<> hSiSa 
ltil'JA<ff&t)ni)^li. ^3. ^4(DU-i/^)$lt2 6Xa, 2 6 Ya 
^)fcA<*^7U/cftx fe?)t^li7^'rp<> hT-^<Z)H-SiJ/)<|^7 

^)$it^:^xA 2 eiij^s-i^xAj^x-sz-oDiig^^iiait 

ti-Sm 2{iSi:x El 4 6 4>T -^^x AXx- v W S 2 /)<iiLg1-5^ 1 iiS 
i:03ife;j^fe^TS4lz:s^ii!)$-frSi^i!l^gfc UTO)^ 1 ©DTK')/ K7- 
A2 0 1 Iil«l(C'^x/\;ix-i;WS 2 ^±lBm 1 (igiix ^2{ig 

□ /K'V h7-A 2 2 1 ^A^fgltbtiTUSo dtib^ K ^2® D^'y 

h7-A2 0 1 X 2 2 1 t,±$ij^^M2 aiz^oxmmt^ti. 3tie>m 

1x^2©a/rv'yS7-A201x 221 (D 'i?x/\;^x- v(D{iil$iJ^ 

1 X 2 2 1 i: Urii. ia»l(Dtifi£©*Mgi5D'1^'';/ h 7 - b ;|iT 

^^•50)Tx Piiiffl?5:iJiBJ(itBlSt5A<x ± 15 ©M$i]^)flJ^$:{i 111311^ 
1-i))ctol3x 0 4 ettJl^^-t 2 4 Ax 2 4 B-C^^tl^ J;^ ?&±Til)t:: 
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i:-i7X/\:;^x-y (WS K WS 2 ) i:©F^T*'^xy\W®SI:J-}iUZ)^ff 

Xrt^mi LTz'^. 'i7X/\Xx-S;±(D':7X/\Wl3WU77-< > 
ff&t)tiS<il'C^^T^3)IiJ:i$fiX a i:m4)|iJ:g$d]Y a^A^^tllOx 

;\©7^-r ^ > h A^HT Lfeftx ■t7X/\Xx-i/-±0>'i7X/\WlwML^ 

X / \ X X - V ® Sl^r ® i ^cS E (DfuS ^ ^, t i. o 

'bJ;<x malts Sip^-^iKF M±<DT-'J7 WMA^7 7-f P<> hSii^ 

© ^ ft: & il © n & lii 1- 5 o 

- vW S 2 1 {igl::fe5t©i:Ti>o -i^x/xi^^x-S/'W S 1 
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oTs 'i7X/\Wli^ll|jF©yj77'f/> X, Y, a^^fS] 

a^tlTt^4H^A<. ^ 1 0) □ /jx' h7-A 2 0 1 A^-iJXAXx- S 
1 fe^E^Tl^•5a)T^ •i7XM;^x-vWS 1 /)<18*^&^iflifT< tl^oJ^ 
9 J5: ^iP^ life's: t^o &fcx H 1 (DO/K-y h7- A 2 0 1 (CJ; tJlSx 

^nTL^sraiix ';7x/\;^x-$/'w s 1 ^mmt^ ';x7t-^i*f?± 

-i^x/N^}^ ('i7xy\;^x-yws 1 i^ro-i^x/NW^D- K) /j^IIT 
tit. ±mmmW2 8T(i. ^1©D7n''yh7-A201 &$tJMlLT: 
•l^xyNXx-vWS 1 ^1214 6ft'l3||i|^l:^v^*i5^2{jig^i^i!»^-a:> 
ZOiiS-Cx 113 X ||4©U-tfT)$t|-2 6 X a. 2 6 Y a$:|^li#l3U 

ltZZl!(Di^E^f^±i(D-Cs 1^^ 1 ©□^''y h7-A 2 0 1 

^S2 8;!)^e>cDj|^l3f5i:-c^E)^®l£i!)^icJ; *) •:?x/\;^x- S 

±iB(D^ 3.^4© U 26Xa, 26Ya©'J-t>vh*l7 
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f^s ^mmm^2 amt^mize x a, 2 6 y aa)it)i'jfit&^-i5' u 

-DZ). 'i7X/\;^x- vW S 1 ±©S¥V-'i7iKF M 1 ±(D\'-'i7WM/)< 

/)<'j-b'y h^tlrt^i>(D-e. ^(DftliO. 0 1 yum^JtO^ft^tglriftH- 
lfl!i+±©tSW{iLSIII#) IISQ•L^T^]iS$^JaPA<pI^|•Z:fe'9x ^Smfi^JlClx 

-vWS 1 ±©SiflY--j7*5FM 1 ±0-?-^ WMA^7^^ ^ > SSIIS 
7-7'<^>HSIfSi[^|WAIictoTiS7^'f ^> hSISa^WA© 

(D&M (AWx . AWv ) A^n-jiij^tix ^mm^m 2 8 -c it z (Dtrnf^ 

(DmS. ^4®U-tl-'^j#l+2 6Xa, 2 6 Y a ©lt)|iJfil©¥14Hi (X 
0 , Yo ) ^Mio ZhlZ^*) U-1f^)#it2 6Xa, 26Ya©tt 
(Xo -AWx , Yo -AWy ) fc^S^T-^tfiPM 1 

±©^-■^7 WM;f)<7 7'< ^ > SSlSStSWA(3!)^iil^''C> (JE^*CO ©* 
Tlc:tx2.c:i:*<^^^i.o ±IB®^3. ^4(DU-+f^)$it 2 6Xa, 2 
6 Y a® 'J-b'V h^®-ii(Z)l!ift«:WTlC*JUri±W- S E Ti:ii?/S<*; 

(Dttlo 
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/\Xx-yWS 2CDfli!)*<^7t5i:IS|a^lIs ^$iJffll^S2 8Tli^ 1 v 
^20!)U--»f^)$H-2 6 X e , 2 6 Y e 'J t y h I"* o 

3®^ 1 X m2©U--y-*^j$H-2 6Xe, 26Ye(Z)'J-tz'y h/)^ll7 
rSiiv m2a)D/K>v h7-A22 1 {tZZHO'ik^^^TL^CDl:. Wi. 
^2©njJ<»)/ S7-A(i±$»Jffll^g2 8 A^e)®*iji^lZJi5 UT^Hl^^lg 

y^ClCs ±iiJli^«2 8-C(±U--9-'^)^it 2 6 X e, 2 6 Y e©ltM 

cfcdilx -7^-^^^ LT'l7X/\;^x-i;W S 2 0iiLa«:f|iJP1-5o 
Z(Dm-^. m2©n^x'yh7-A221(z:«ki.mi <iS'^(7)tilSi*tofl 
Jtlix Buai©ip< X mfe± 1 u mWT^b^pItgTfe K) s Z0^ 1 (igT^ 

j5?llTriSltii (-^XAXx-vWS 2(DSS*®i:S¥^-:J7*fiF M 2± 
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■r'5l3li!e>g+^&mgT'i7x/\;ix-i;ws 2 liteS^ifc^ 4i5o 

R±©U^^;i'7-7'r ^ > hSip^-^tSF M 2±(DT-^ R 

M(Z)*§WF^Pil (A R X. A R Y) . t&t)-b^^it^^ P L ©JS^^^ 

;ri(ARX , ARY ) ^;h,s ^$iJ(U^g 2 8 Tli^ 

;u77>f j>i > hii^ai^s 2 A. 5 2 Bonm^^^ojhtitmm:-. 

(DB^OD U - V=Fmi 26Xe, 26Ye ©It/lHi ( X . , Y i ) 
IX<5o CltilC-^Os U-+f^'^it2 6 X e . 2 6 Y e ODltjimAM X , 
-ARx. Y. -ARY) ttj:^{kM.t<s U 5^ ^ ^1/7 v -f h 7 - ^7 h 
S4I^-^«FM 2±a)-7--i7 RMA<^ J: 3 iiT^^Tti^mP L tit- IT 
mtjiiULm-Ch^Ztt^^ii^^o ±16©^ 1 ^ m2(Z)U-if^;$it2 6 
Xe, 2 6 Y e©'J-tr'y h^®-aiC!)lb<t$:WTII*J t^TIi R - S ET 

^4 0) U--tl-'^>$i+ 2 6 Xa. 2 6 Y a© 'j iz >y OxAXx- 
vWS1©{um(ix U-+f^)$it2 6 X a . 2 6 Y a©H-)fliJ^i(3ScJl\ 
T^iS^nxasO . i$iJ»^12 8-J:li'i»x/NW±©Si!&®S>3 



wo 98/2411S 



157 



PCT/JP97/04350 



T^-fj^OhY-'J?) iufiCOlt)!']^ . ^)$it 2 6 Y a . 2 6 X a (DitJI'J. 
lijtr^ 7^'f/> hiI^SIWA(Dili:tll3gQ*L\T (X a . Y a) J^^ 

^ > hmn^^N Ao^ih'^it^cDnj iz^i t ^ (D^mi(Dt[)m (Xo 

-Ax , Yo -Ay ) tmt^ri^^rzib. zomt. S^py'--J7WA 

^y^'f ;>< > ^ - i 0 Jinj "7 > hSSfSliWA<D^ai^til*IlC 
teS;*to1-5?ctol;:lib-if^)$lt2 6 Y a. 2 6 X a G)|+Mft< iTCD 

% o 

^ 2fii: Yft)I'Jv'-:J' 1 M ( * feli X H-jfJ T - ^ 1 fE i: Y |+ T - -J? 2 

LT. -iSii^±i;:Jiuxit)|iJ7-^ 3|@J.:iL±. -E^sl±i::^su Ylt/lT 
- ^ 3 f i w ± © If >I'J A< ff ;b 4i 5 (0 h 1- S o 

^«S!^i^^4, 7 8 0, 6 1 T-tldMPSI-S^tr^riaSe 1 -4 4 4 2 
9 4> $B ^ 1 3 F»f1 ^ S J: -5 & S 'J \ S m ^ 1 1 J: S $JE 1+ jH # ?T & o r . 
'^xy\W±<D±iB^ilgtv3 >y h^^CD^IH^Ux- ^ o liUx It 

KSisaiiw A(D^di4"i:^a)STii3l5fci:^(Z)q^)$it(D<s (Xo-Ax , y 
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*g W fi^ & ii S 1^ ^ 1I& S I c L r + » I c ^ -5 o 

3©<i;9lwLTs "^x/xXx-vVVS 1 <BiJl:7 7'f >7 7-< ^ > K ( 
EGA) m=ftj:t>h^(Dtm7LTs -i? x/\ X x - v W S 2 fflijTIi s ;^ 
CDi;9(3LTL'^^;i/R©yt^->®i:':7X/\W±<Di/3 y hfitS©St 

j^g G) A- ^ - > t <D fi ^ t) -d: M 7t ^T ^ n 5 o 

©i:#©'^x/\:^x-yW S 2a)J^^{ia (Xe, Ye) ts ^to7^ 
'f ^ > S Ki^ll <k "9 ±iBi: 111 till LT^ai LTt> SS¥ T- ^^^fi F M 2 
±©Sipx'-'i7WA^Smi:-r5§i'3 »y h OE^Ui^^x- ^ t i;:go* 
UTs ^mi2 6 Y e. 2 6 X ea)lt/Hi$:^x^ Loo -i? xy\W±(D 
#S/3 hfili$:S5t&Sl::<ifi}*A6Loo. SSB-a^^^l*)a)i>-\"y ^ 

^r^fi^^ij^ L*/)^b^ • 7> h' • t^- h^iCTUf^^^UM'^ 

->«:'i7x/\w±i::jii;5jg^1-So cct. -^xmxx-S/'WS 2±0 

JLJ\^ iZt^t ^m%lZ9biLoZ s =f)m2 6Xes 26Ye&'J-t!>y 

^Tt)nyc7 7^ >77^' ^ > h (EGA) iz^<ommt.mmiziz^m 

'f ^ > S-7-'i7;!)<';7X/\:;^x-S;WS 2±(Dir3l3i^:&-r5 (EP-^x 
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L^5©-^:^ Ztie>0lt/liKm(lSo*$. ^ 1 ^ |g2® U--tf^;$lt 2 6 
X e. 2 6 Y e(D%mm^i^(Dm\Ztj:h{t[^^^ )l^R(DJ'^^ ->i^}i't^ 

h (EGA) A<ji$7Ls -i^x/NI^x-vW S 2ffliJ-C'^x/\W±©±rOD 

-yWS 2 ^•l7xy\J5l^(um-C^5^3{ieiw^i)t-So 
1-&t)^x '^x;\;^x-i;ws 1 (±±$iJ^^S2 8 6,©}|^I3*£; i; 

3©^ 1 HLm^CDOJinXT'-iyVJS 1 (D f$ i!) ^ 7 1" S h IH] B# 13 x i 
mm^W 2 8 T-tt^ 1x^2© U -if ^)$tt 26Xe, 26Ye^'J-tz 

C © 'J -t 7 S /)^lii^71- 5 h> ^1©a?K>yh7-A201lic:c:T:© 
fSg^|i^x-5©Tx m^l ©D/K'y K7-A2 0 1 (i±$i]^^m2 8 

e>(Dj|^i;:ii5i;r^®^(Z)j|Ei!)^i;:j; *) 'i7x/\xx-S/W s i ^iltir 
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(;Lr^ R - S E T $:ff o ZhlZj^*) . b5^^;i/7-7 -f j><> K 
^i:Sip-?-"i7l5FM 1 ±©^'-•^7 RMO^mSm (ARx . ARv ) x 

R©/'?^->^(DJS^4"l:^lc:>t^-ri) -i^xyx^x-s^ws 2±a)aiP/^T 

feSSipy'-'J? R M4"C,>i:(D{iS^tl (ARx , ARv ) Zilf3(D{iM 

ttitmmcDT.T'-v^i^^m. (X. , Yi ) *<i+a'jdti5o 

-S E T*^fTt)tiSrBll3x ±$iJ^^m2 8 A^e.a)J|7F(Cf£;L:Tll2(DD 
Tf^..j Is 7- A 2 2 1 /)<S^i!l<tft<J^7 Uyc'!7XA:;^x-yW S 2 
Lx ':7X/\$E^(Dfei<)'l7XASIt)g LiiLg (^3ClS) Il'j7xy\:;^x- 
vWS 2$:i^fiid-lt> Jiil^Hfri£l>Ufc'^x/N;^x-S;WS 1 fiiitlij^lCL 

r-t^x/N^sJ^x ^)#it'j-tz>y s;Rt;w- s e T*<fTt)tii.o 

®;^jUTx ^$iJfflJ^S2 ffiiHi: 111 tills '^xA;^x-yws 

1 fBijT;^x<y7 • 7> K • u t:- h:&s:TU^^;i/A^->A<'i7x/\w 

±IIJi;^:^?\i^tl5©^M^f LT> '^xy\;^x- vWS 2iiJ-C7 7-f > 

75^/>h (EGA) m7ti:t>t.^^^\zm7.v'-va)mf^mmt 

^ o 

©^t li s z *i ^ T nut L /c(D~@(7) i!)<lF A^Ji;^:^ O j§ $ ti 5 J: 
-5 lis ±Um^m.2 8 II J; or X p:;^x- vWS 1 X W S 2©i!)f^x m 
1 X ^2(7)D7jN"'y K7-A(Di!)i^/)<$ijaP$*lSo 

W±IJiB^L/cx pXx-vWS 1 X WS 2±Tfft>ni)®Mffi!ltta) 
13 4 7 l3^$^^rt^5o 



wo 98/24115 



PCT/JP97/043S0 



161 

;^ X - y $ij ffli ^ ® |S] ± A< ^ # ^ n s o 
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m 4" l:^ T S E 1 3 3^ It 5 ^ 3 iij ^ $4 X a ^ 4 )I'J ft a Y a ^ ^ It i> :^ 

ti ® (3 fcH N T t -i? X / \ ;^ X - V 0 2 ^ iim ^ iEii II t" 5 3 h 

ll^'^H-fflgl^^ 1 4X. 14Ys 18X. 18Y^gl^L/cC:h/)^e>> 

u r H e> ©^SJ^ ^ 4 c t> o 

2 2 1 (let "J > -ijxn;^?^- vWS U '^xa;^x-vW S 2 1 {i 

1 X 2 2 1 Id J; D X -i/x/NXx- vW S K -j^x/N^x- S 2 

1 <jiStm2tii:mPB1T:^ij!)^■y:SJ;-5lIUrt^^^o ::(Dii^iii±x i 

m'^^m2 8-Cli> 'i7xy\;^x- vW S 1 Sy^ -i^xAXx- vW S 2© 

x/\wa)7^'f p< > KUif^i: A<Mff Ur!ft)4xi)<k^lliai^x->©i!) 
ft«:$iJPLrc^tl3. m^ . |g2©om''V S7-A2 O K 2 2 1 iz: J: 19 
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±IB^5©IIJSfl5j!|-Clix ^1©D;J<'yK7-A201 
m 2 {uMS U'^ 3 {iS© 3 lt;feFBl-el$iJ) $ it 5 li^l:: o TlttB^ L 

0 1 /)<xx-vws 1 (xiiws 2) 1 {is/)^e>^3mM^-ea/S< 

^pt'T^I Mx ^2^ig^^l/^3{iSW^©ife5^jiM*TS^TSfeLx 
^^k15(Dn7f^^), h7-A2 2 1 vWS 1 (XliWS 2) tz(r> 

{ia*^e.^3iiLgS-ei$ij!j^-ii:5^a)^jt«:Jj^ffltsci:i::J; Ox 

S 7-A 2 0 1 ^iig::^x-i>*(0^2tiLmi:B 1 ttMhoaSiz^H 
fflhUx {ttonif.-j h7-A2 2 1 S/'Olg 3<uSi:^ 2 (i 
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g|j*twsi b t©2Mi::^gl°rtgi::«lfilc^ti> |I|^ic:'^x/\xt- v 

WS 2 Xx-v^ftJWS 2 ails ZCDXr- v*i*W S 2 a±(3^ 
m'^mf3im-B^(0&i&U^^^\N S 2 b 2g|J^lc:»(i^i6l3»tfi)i 

StSi*J#gP4;^W S 1 b. WS 2 bICIi. •i7X/\WA<^El^©'i?x/\<lN 
(Si^aJ^WS 1 b. WS 2 bllliv ■?-(D±®llS^pY-^«FM 1 . F 

/\;^x-vws 1 . WS 2±-uMffj!as/)^ffb;h.^^)^ --H(^7.^-v 
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gPiWWS 1 b (XliWS 2 b) t^B ^ fiii*-Cf^± LTUS:^x->''*^*: 
WS 2 a±llili^ {^m) ^tLi.^Di:M^f LT. g^A^**7 LfcXx- 
5/-ffl'J©S!fjR«i^SP4*WS 2 b (XliWSI b) A<ll 2 {3ig-C{$± LTU 

SI b . W S 2 b (D^m^7t>tii>o ^mum^V^ SI b . W S 2 b 

-vWS K WS 2(D{iLm^mt^^miitj:^<D-C. ^omit:^7'- i^T. 
K 'y/\'3 0 ax 3 0 b Jb^aiT^TMXx- >*i*;W S 1 as W S 2 a 

jj^coasiM 7 - A (z: J; 0 ^ 2 {iSTrff t) ti. S o 

1 bx WS 2 b(D7.'r-iy:^W±^(D^^tttlZ=F'Ss^iy7.TJ^ 2 6 
©/■RiJfilfia) 'J -b 7 h;Rt/R - S E TXIiW- S E T/)<^T&:btli»c:i:^: 

m^rff-SCii/J^T-tSo «:i!3x ±ieil6©IIJi|}f^STIix ^1 x 112© 
□ ;}<7 S7-A 2 0 1 X 2 2 1 /)<»tRf*ii|gm^m 1 (uSi:^ 2{iLMFBl 
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OK 2 2 1 mmLrcm ^ (DmmBmtmmiz. m&m%imi$^ 

1 (iSx ^2iigSlJ'm3{iga)3ife;fePB^Ti^i!l^-a:5J:ei3LTt.^ 
WAi:^KI^4^^TfT4^-5 c:i:A<T#5©Tx ^ij li' 7 v 'f p< > SMS* 

:^ A< - B iio n 4* ^ T ^ X - V 4 © <3i s iE «i I c: ^ iij * i* s z: 

^ 5 - ® ^ t ^ - > © il^illit III ll^illi^f 6*J II 'S: d i: A<T 
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©js^^Tfe^siiii^^ *ircJ^^^i?ij^LfcA<x *^B^©iiffl$BH/)^3 

g g ^ (D ffe OD ^ ^ ^ g ( ii ffi T § s T ^ s o 

*^Ba®is^^^^gst;js^M3t;^>^(icfctL(i. 7.)i-r-j h^-m 

ft :^ X - v±(Z) 7 ^ ^' ^ > h ibf^ i: MfrMSI" 5 c: I;: J: 0 x 
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4 'J vy^7'f 4fflu\TliJi1-5cD(z:@toT»ili-Cfci>o 
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1 . ^f!^m&±iz^m^ hTz^^omHt =^h^'hm^^^^ - >-nmm 

;^ X - y i s § ;^ T - A<^ftviE<5± G) ^ E ii^M (D X X - s; 1*1 II 

2 . ±miiLmmmtm-t<p iy3>R:fmm±<p >3 >^z^^t^7.'r- 
E ii ^ 1^ © fi M tS ^ IB ti 1 5 IB ti ^ m ^ OS X. i. c: i: ^ 4# gfc i: t- 5 II * 
I1 1 ~3©tx-rti;b^-JllllBie(D^^^So 
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Hir IB^ 1 ;^ X - y & 1/ n 2 :x X - © p«3 © - ^ o ;^ X - V 

f^%m\'^^'no^r>\zM7.ir-vaymn^mmt^um'^m.t^^t^ 

1 1 iS L ff -5 ttft V :^ X A ^ e. c: W u V 
tfriB$'Jii^Eiix BiFlB-;;&©St5;^x->;!)<BulBasi3^>;^xAh©F^ 

T^SiliSSt5©SI:^;gL&l/B^^IBx'-^7^ili^(zJ:5^-■^7^aJi^^^*^T 
5 F^ X flu IB ft!i ^ © S ;^ X - V Bu IB *S ^ ?t ^ ^fx I c ct i> E i) f'^ ?f 
5 J; 9 X - v©»)t'^ & $'J^ 1 5 3 i: ^ r S sf^RH 6 llfBit 
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Sfia X - S'" iz: <S J$ ^ ti <^ ± CD Y - ^ - :^ © - •i? ^ ai ^ -c 
^ (5 S ^ ± ® T - -J? ffe 7? © ^ - ^ «l iU ^ T' ^ iU t- S t ^ 4t gi{ t 

7.7- — i/^ MIS: I' ; 

M IB S t5 X X - y ± X I i fr IB S *5 :^ X - V I i* J# d ti S 45 ± 
1 0. |friB2o<DS*fi;^x->"©^ti^tL©i!jftA^$l7 L^B#;^7:> ttl 

t^z^o^^T.T'-i^omY^t^^TL^zt.ii^Wit^nmnQiztm 

*s ^ -r 5 d h i:: cfc o T S ^ ^ 7t -r i. 7? >i II ibH> r X 

7x- v$:fflicL> 
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1^ IB 2 Q S :^ X - V (D 1*1 CD - :^ © S 15 X X - V 1 1 ^ ^ tl fc ^ f5 

S ± I :: BU IB IS I? 3t ^ ^ ^ L T bU IB X ^ © y f ^ - > ^ ^ 11 3fe L X 

tfriB - :^ © :^ X - V ^ n fc © * Id ^ MIB 2 o 

©s<s:^ X - v©i*i©ffe^©s*fi;^ X - $ nfcj^jiGa*fi±©fiL 

1^ t) # V - i: MlBffe © X X - i>-±©S¥;^ ©{aSM^ Itil'J U ^ 

Jsi^^^^©iSi^^tii*i©pir^©a^;^i3**f §B^^lBft^l7^©st5;^x- 
^•±©Si||;^^©{igt'4^;Rlf flfriBtem-r*i*M# 6 ti5 t $ © MIBffe^^© 

frlB^di^tifetoMM^Sx MiB«ldi*;tifeiug-rti;Rt/BuiB^iii^*i 
© ;^ X - y 1 3 ^ *i jS5 liS g M IB "7 :^ ^ © y t ^ - > ^ t © <i m 



1 2. ^i^7fe^^^^Lr{S{K£;at5±l3/f^'->^fei:i-5 iliillct "5 

- -i^ X I i IS X X - V 1 1 ^ I ^ ^ *l S ^5 ± © Y - ^ ^ ^ tb t- 5 to © 

MlBlg 1 St5Xx-v;Rt/|g2SfiRXx-2;© 2;^:7c{jjLa^^n^tL 

lt/|iJ-rSfeto©^)$itvXxAh ; 
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f& S fix I ? t L T BU IB ^ ^ Tfe ^ ^ L T ^ ^ /)< ^f to *l S § ^ B# © ;^ X - 

X (i 1^ ;^ X - V i;: * n j^iStfi ± ® - -5^ ^ ai to s B$ ® 

7 X - V © 1*1 CDfb;? 0) X X - V ±-C MiB "7 - ^ ^ II 1^ S Y - -J? 

^diil^t/)<^ftotLSJ;9lI^ BfriB^)$i+i>;^xA(Dit>im^^-^' u:? 

1 3. H<riB^)$ttv;^xA(i. MiBJS^3t^^0iS^4"i:»l:*gS(CSlfi 

s 13 s a 13 ^ ^ -r 5 ^ 3 >SiJ ^$4 s t/m 4 i: H X. > 

|ltlB$)JS9^Sliv B^IB-^i:^i!l:^CD;^x-S/•cD^i[g^Atl^;iSPgl3^ 

friB^)$it>;^xA®)fi'J:S$ilife 'J-b-y htizt^f^mtt^m^iM i 

2IClBit(Z)g7fe^So 

^li£;S*5!S:i*J$Lr 2;^l7u¥®l*l^^ilbx SiP^-'J'/)^^©^®l3 

!if£:S4fi'&«i#UrllIIBm 1 St5:^x-S/'i:|i]-¥®F*3$:B5IB^ 1 S 
iffi:^x-vi:(i?ilLl3^g)Lx Sip v'-^ A<^©^®l3Jfi^^*i^^2 
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b5 le ^ J $ it V ;^ X A I J; 0 'i S ^ ti 1? 1^ - :^ © X X - y I z }^ ^ 

- V ± os^ T - ^ t ® {jiM TO 4 BdiB -7 - -J? ^ ai ^ © ^tb h fifriB 

ttlZ. MIB2oa>^x-v(7)i!)ft/)<i:'fc(I*l7Lfcftl3x MiB2^© 
1 5. /^^->A<ff^^$*lfc y':^^41II*L. 
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irffl £ II S H (1 25E H S m 3 aiJS«iS 4 i|iJ:S^ h ^ n ^ X 

m^(D^W}(Dmlzm^=F?miyXv'h(Df^^RXff^2m^ti^^^Ji^-J K 
Lx miB^2M'N^S)a)l^llB«riB^)$ltS/XxA(Dm3 2S^t;^4)l« 

1 7. B>ilBx':^^(D/'?^->©jfi^^!¥!miC«J;i)^(75iS^4"i:^tKllB:^ 

^^ix^iht%>^-'i7iiLM.^th^^wiz^tizt^<^mtt^m^ 

III 6(CiBtic(Dll^^So 

1 8. BtIlB^S*S:^x-i>*A^ Xx-v*i*:i:x c: a)*f*:±(z:§liJ4 

m\zit=Fmi^RMmtm\f<bhB.omi.mmi^im(D±mizitmm 
-m\z%mom^^m.o 

1 9. m^^$m'^mit. d^*')/ h7-A(cJ;o7:lifi£^tlTt^5C:i:^: 
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^mtti>tmm^ 2-1 8(Dl^t'tlZ)^-II[Il5te©lS3fe^So 

12-1 9©t^-r^^A^-II(wlait(D^7fe^go 

2 1 . b5IB^ 1 St57.x-v;Rt/m2St5;^x-v©{1klc:. JS^fSStSfe 

u r ffiB 2 cxDSis:^ X - t iBi-¥®rt d ;tx e (D ;^ X ~ i: li 

^ ^ 5fe 1 5 is ^ S 3fe ^ S I i!3 1 N r s 
8ulBiSi^7fe^^i:iiPilSlur^ite)tix HfriBS4Sxx-s;iwfs^*ti 

frlB^ 1 S45Xx->;Rt/B2S*5^x-S'"(Z)^>!7lwISItetis :^x 

BfUBH 1 St5:^^x-3^t/^2at5:^x->0i*i<z)-;^©:^x->-cM 

-'jk%m\^tz'\k. mi-toT.'r- iktm^^tzm% 
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2 4. ^e>lix sf)IB^S^3t^^$:ffi^^T^^i!)^t*^Di^^&St5®®^^LS 

1t$B4«ltli1-Sfcto©^2^ai^^#^x ±IB$iJ^^mi±x MIB^IS 

:^ X - 5>' s ^ 2 s « ;^ X - V © 1*1 © - 0) ;^ X - y T IB § ti $8 
^ml^l3.t*^ill*^^Tt)*l<5ralw^ fte:??©Xx-5>-ci5iB}fi:g^it=?:^«: 
ffl u fc ^TfeliflF ^^It t) ti i) J; a (3MIB 2 o © 7. x - ^ $iJSP L ^cft x Id 

IB-TJO) X - v-CfrlB^fe^¥^ t^ /)^^Tt>*l 5 «fc d 13 

MiB-5^(7):j^x-v^$iJgiPti>hi:tiz:x fFiB-:&©:^x-i;0{jiSm 
i!) ft 4^ I ff e> ti i> M IB ^ 2 ^ its ^ ® ^ ai IS m 1 3 S L ^ T Id IB - :^ ® :^ 

2 5. ±im^m^mw.tK m^R^i:fm^hrzm^mmzn[.T^x 
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© ;^ X - V $iJ^ L fcft X MIB - ® X - V -e BU IBJS^Tfe^^ 4 ffl U 

rcm^mnm7t>h^^^{zm^--^o)XT-sy^mmt^m{z. mib 
^%mmzML-cmsd.^f!^&^EiMmt'^ihm^\^^Mth^j;io\zisL^ 

V © (Vt MtS^B^ ai ft' 13 1# e) ti flJllBm 1 ^ til m O ^ih ifS m MIB- © 
;i X - y ©g^iif^ I3f# e> n 5 fl IBm 2 ^ih ^ 0)^ tii i^Sm i: IIS ^ u 

$ I I i B(r IB ^ 2 ^ Ui m © ^ tb $S ^ ^ 1 1 S ffl t ^ T M IB - :^ 0) X X - V © S 
BiTlB 2 o0Xx-y£Di*i©-;^ro::^x-i/(c^}^^ *i/ci^j5SflRa)'i> 

B^IiB-7^©;^x-i>•T^jiStff$s©tt)lA<^f*>tlro^sFB^lw^ BuiB2Q 

© 7 X - V (D 1*1 © fill ;J 0) X - V I ; ^ J # ^ *i fS S ffi & b5 IB 7> ^ CD 
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ffl T MIB- ^ ® X X - V (3 ^11 ^ n feiSJ PSatS 0 ® iiLg ^ SIS 1 5 
2 7 . ±iev3 hfll^ro&StilSlix vs Sflli(7)77'f p< > his 

2 8 . ±IBi>a 'V S fil|lt(D®tiiStS$8(iif tests (D?Jf^S¥®li^fS 

(ilS^ 1- 5 z: i: ic ct o r 1 5 Id i.^ r . 

i^l^.S4fi«:«i$UTfrlB^ 1 StSXx- vi:|Il-¥®l*l$:B5ia^ 1 S 
HulBIS^^^i^i:liii^OTiSlte)*ix H«IBS*5:^x-y±©SipT 
M IB *S |J ^ ^ ^ © ^ * '6 ^ bH IB V' - ^ ai ^ ^ ai 4"C^ >i § ^ 

1 $ilicD-:?^(|ijA^e>Bf)lBm 1 Stsxx-vtDffiB^ 1 lib:^iS]a){ig^l+)Sij 
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mx.. zhi^om^mz^io mib^ i s^s :^ x - v;r 2 x x - 

3 0. ^1 slsxx-ysi/m2ats;^x-S/'a)i*i(D-7Ja):^ 

Loq|^-7Jcd::^x - i>"±cD 4 ^Tfe U T Fb^ 13 s ftlj:^ 0) :^ X 

- vlCiS^^ *ifeia{f&Sffi±a)7^ 'f / > h T - •i? i:ft!j^©;^x- v± 
© T - -$7 h © {ufi M <i ^ frlB T - ^ ai ^ © 1^ th ilS m lfr IB T ft 
V ;^ X A 4 iRiJ:^!© ttil'JiS t * ffl t\ T ^Rto . ±16-:^©;^ x - i>'© 

i^jisats©^?^^ (z: X ^ 3 )fj:i$ili t^^^zmijO^x'r-^yo^iiLmt Iti'J 

L 6: A« efi;^ © X X - v±©Sip T - ^ t B>rlB*S3^^^^©*S^^«l*l 
©m^©aiPi^i:©*@W(4SM^*<5Ri6e>ti2)«J;ol3x ^ 1 Rlfm2X 
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SPECIFICATION 
ALIGNER AND METHOD FOR EXPOSURE 



Technical Field 

The present invention relates to an exposure apparatus and an exposure method 
for exposing a sensitive substrate with a laser beam, an electron beam and other 
charged particle beams. In particular, the present invention relates to an exposure 
apparatus and an exposure method, which is used for producing semiconductor 
elements or liquid crystal display elements by means of the photolithography process, 
and which exposes the sensitive substrate by projecting a pattern formed on a mask 
via a projection optical system onto the sensitive substrate. Especially, the present 
invention relates to an exposure apparatus and an exposure method suitable for 
performing exposure and alignment of two substrates in parallel using two substrate 
stages. 

Background Art 

Various exposure apparatuses have been hitherto used, for example, when 
semiconductor elements or liquid crystal display elements are produced by means of 
the photolithography step. At present, a projection exposure apparatus is generally 
used, in which an image of a pattern formed on a photomask or reticle (hereinafter 
generally referred to as "reticle") is transferred via a projection optical system onto a 
substrate (hereinafter referred to as "sensitive substrate", if necessary) such as a wafer 
or a glass blade applied with a photosensitive material such as photoresist on its 
surface. In recent years, a reduction projection exposure apparatus (so-called 
stepper) based on the so-called step-and-repeat system is predominantly used as the 
projection exposure apparatus, in which a sensitive substrate is placed on a substrate 
stage which is movable two-dimensional ly, and the sensitive substrate is moved in a 
stepwise manner (subjected to stepping) by using the substrate stage to repeat the 
operation for successively exposing respective shot areas on the sensitive substrate 
with the image of the pattern formed on the reticle. 

Recently, a projection exposure apparatus based on the step-and-scan system 
(scanning type exposure apparatus as described, for example, in Japanese Laid-Open 
Patent Publication No. 7-176468, corresponding to U.S. Pat. No. 5,646,413), which is 
obtained by applying modification to the stationary type exposure apparatus such as 
the stepper, is also used frequently. The projection exposure apparatus based on the 
step-and-scan system has, for example, the following merits. That is, (1) the 
projection optical system is easily produced because a large field can be exposed by 
using a smaller optical system as compared with the stepper, and a high throughput 
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can be expected owing to the decrease in number of shots because a large field is 
exposed. Further, (2) an averaging effect is obtained owing to relative scanning for 
the reticle and the wafer with respect to the projection optical system, and thereby it is 
possible to expect improvement in distortion and depth of focus. Moreover, it is 
considered that the scanning type projection exposure apparatus will be 
predominantly used in place of the stepper, because a large field will become essential 
in accordance with the increase in the degree of integration of the semiconductor 
element, which is 16 M (mega) at present and will become 64 M for DRAM, 256 M, 
and 1 G (giga) in future as the progress proceeds along with times. 

With this type of projection exposure apparatus, alignment between the reticle 
and the wafer needs to be performed highly precisely prior to exposure. To carry out 
this alignment, the wafer is provided with a position detecting mark (alignment mark) 
formed (or exposure transferred) by a previous photolithographic process. By 
detecting the position of this alignment mark, the exact position of the wafer (or a 
circuit pattern on the wafer) can be detected. 

Alignment microscopes for detecting the alignment mark are roughly classified 
into the on-axis type for detecting the mark through a projection lens, and the off-axis 
type for detecting the mark without allowing the detecting light pass through a 
projection lens. With regard to a projection exposure apparatus with an excimer 
laser light source, which would be predominant in this field, an alignment microscope 
of the off-axis type is optimal. This is because the projection lens has been corrected 
for chromatic aberration due to exposure light, so that the on-axis type cannot 
condense alignment light, or if it could, an error due to chromatic aberration would be 
marked. An alignment microscope of the off-axis type, on the other hand, is 
provided separately from the projection lens; therefore, free optical design is possible 
without regard for such chromatic aberration, and various alignment systems can be 
used. For example, a phase contrast microscope or a differential interference 
microscope may also be used. 

When the sensitive substrate is subjected to exposure by using the scanning type 
projection exposure apparatus, the so-called complete pre-measurement control 
method has been carried out as follows as described, for example, in Japanese 
Laid-Open Patent Publication No. 6-283403 corresponding to U.S. Pat. No. 
5,448,332. That is, all detecting points included in one array provided on a front side 
in the scanning direction with respect to an exposure field are used as sample points. 
All values of focus positions at the sample points are previously measured before 
exposure, followed by the averaging process and the filtering process. The 
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autofocus and the autoleveling mechanisms are controlled in an open manner during 
the exposure in consideration of phase delay. Concurrently with the foregoing 
operation, an inclination in the non-scanning direction is determined by means of the 
least square approximation method from the measured values of the focus positions at 
the respective sample points in the one array described above to perform the leveling 
control in the non-scanning direction in accordance with the open coitrol. 

Such a projection exposure apparatus is principally used as a mass-production 
machine for semiconductor elements or the like. Therefore, the projection exposure 
apparatus necessarily required to have a processing ability that how many sheets of 
wafers can be subjected to the exposure process for a certain period of time. That is, 
it is necessarily required for the projection exposure apparatus to improve the 
throughput. 

In this context, in the case of the projection exposure apparatus based on the 
step-and-scan system described above, when a large field is exposed, the 
improvement in throughput is expected because the number of shots to be exposed on 
the wafer is decreased as described above. However, since the exposure is 
performed during movement at a constant velocity in accordance with synchronized 
scanning for the reticle and the wafer, it is necessary to provide acceleration and 
deceleration areas before and after the constant velocity movement area. As a result, 
if a shot having a size equivalent to a shot size of the stepper is exposed, there is a 
possibility that the throughput is rather decreased as compared with the stepper. 

The outline of the flow of the process in such a projection exposure apparatus is 
as follows. 

(1) At first, a wafer load step is performed, in which a wafer is loaded on a 
wafer table by using a wafer loader. 

(2) Next, a search alignment step is performed, in which the position of the 
wafer is roughly detected by using a search alignment mechanism. Specifically, the 
search alignment step is performed, for example, on the basis of the contour of the 
wafer, or by detecting a search alignment mark on the wafer. 

(3) Next, a fine alignment step is performed, in which the position of each of the 
shot areas on the wafer is accurately determined. In general, the EGA (enhanced 
global alignment) system is used for the fine alignment step. In this system, a 
plurality of sample shots included in the wafer are selected beforehand, and positions 
of alignment marks (wafer marks) affixed to the sample shots are successively 
measured. Statistical calculation based on, for example, the so-called least square 
method is performed on the basis of results of the measurement and designed values 
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of the shot array to determine all shot array data on the wafer (see, for example, 
Japanese Laid-Open Patent Publication No, 61-44429 corresponding to U.S. Pat. No. 
4,780,6 1 7). In this system, it is possible to determine the coordinate positions of the 
respective shot areas with high accuracy at a high throughput. 

(4) Next, an exposure step is performed, in which the image of the pattern on 
the reticle is transferred onto the wafer via the projection optical system while 
successively positioning the respective shot areas on the wafer to be located at 
exposure positions on the basis of the coordinate positions of the respective shot areas 
having been determined in accordance with the EGA system or the like described 
above and the previously measured baseline amount. 

(5) Next, a wafer unload step is performed, in which the wafer on the wafer 
table having been subjected to the exposure process is wafer-unloaded by using a 
wafer unloader. The wafer unload step is performed simultaneously with the wafer 
load step (1) described above in which the exposure process is performed. That is, a 
wafer exchange step is constructed by the steps (1) and (5). 

As described above, in the conventional projection exposure apparatus, the 
roughly classified four operations are repeatedly performed by using one wafer stage, 
i.e., wafer exchange search alignment fine alignment ^ exposure ^wafer 
exchange. 

The throughput THOR [sheets/hour] of such a projection exposure apparatus 
can be represented by the following expression (1) assuming that the wafer exchange 
time is Tl, the search alignment time is T2, the fine alignment time is T3, and the 
exposure time is T4. 

THOR = 3600/(Tl+T2+T3+T4) ...(1) 

The operations of Tl to T4 are executed repeatedly and successively 
(sequentially) as in Tl T2 -> T3 T4 ^ Tl . . . Accordingly, if the individual 
elements ranging from Tl to T4 involve high speeds, then the denominator is 
decreased, and the throughput THOR can be improved. However, as for Tl (wafer 
exchange time) and T2 (search alignment time), the effect of improvement is 
relatively small, because only one operation is performed for one sheet of wafer 
respectively. As for T3 (fine alignment time), the throughput can be improved if the 
sampling number of shots is decreased in the case of the use of the EGA system, or if 
the measurement time for a single shot is shortened. However, on the contrary, the 
alignment accuracy is deteriorated due to shortened T3. Therefore, it is impossible 
to easily shorten T3. 
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On the other hand, T4 (exposure time) includes the wafer exposure time and the 
stepping time for movement between the shots. For example, in the case of the 
scanning type projection exposure apparatus based on, for example, the step-and-scan 
system, it is necessary to increase the relative scanning velocity between the reticle 
and the wafer in an amount corresponding to the reduction of the wafer exposure time. 
However, it is not allowed to increase the scanning velocity without consideration 
because the synchronization accuracy is deteriorated. 

With the apparatus using an ofF-axis alignment microscope, such as the 
projection exposure apparatus with the excimer laser light source which would be 
predominant in this field, it is not easy to improve the controllability of the stage. 
With this type of projection exposure apparatus, there is need to precisely control the 
position of the wafer stage, without Abbe's error, during exposure of the mask pattern 
through the projection optical system and during alignment, thereby to achieve highly 
precise superposition. For this purpose, it is necessary to set a constitution in which 
the measuring axis of the laser interferometer passes through the center of projection 
of the projection optical system and the center of detection of the alignment 
microscope. Furthermore, neither the measuring axis passing through the center of 
projection of the projection optical system nor the measuring axis passing through the 
center of detection of the alignment microscope should be interrupted in the moving 
range of the stage during exposure and in the moving range of the stage during 
alignment. To satisfy this requirement, the stage necessarily becomes large in size. 

Important conditions for such a projection exposure apparatus other than those 
concerning the throughput described above include (1) the resolution, (2) the depth of 
focus (DOF), and (3) the line width control accuracy. Assuming that the exposure 
wavelength is A,, and the numerical aperture of the projection lens is N.A. 
(Numerical Aperture), the resolution R is proportional to A/N.A., and the depth of 
focus (DOF) is proportional to Ay(N.A.)^. 

Therefore, in order to improve the resolution R (in order to decrease the value of 
R), it is necessary to decrease the exposure wavelength A,, or it is necessary to increase 
the numerical aperture N.A. Especially, in recent years, semiconductor elements or 
the like have developed to have high densities, and the device rule is not more than 
0.2 ^m US (line and space). For this reason, a KrF excimer laser is used as an 
illumination light source in order to perform exposure for the pattern. However, as 
described above, the degree of integration of the semiconductor element will be 
necessarily increased in future. Accordingly, it is demanded to develop an apparatus 
provided with a light source having a wavelength shorter than that of KrF. 
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Representative candidates for the next generation apparatus provided with the light 
source having the shorter wavelength as described above include, for example, an 
apparatus having a light source of ArF excimer laser, and an electron beam exposure 
apparatus. However, the case of the ArF excimer laser involves numerous technical 
problems in that the light is scarcely transmitted through a place where oxygen exists, 
it is difficult to provide a high output, the service life of the laser is short, and the cost 
of the apparatus is expensive. The electron beam exposure apparatus is inconvenient 
in that the throughput is extremely low as compared with the light beam exposure 
apparatus. In reality, the development of the next generation machine, which is 
based on the principal viewpoint of the use of a short wavelength, does not proceed so 
well. 

It is conceived to increase the numerical aperture N.A., as another method to 
increase the resolution R. However, if N.A. is increased, there is a demerit that DOF 
of the projection optical system is decreased. DOF can be roughly classified into 
UDOF (User Depth of Focus: a part to be used by user: for example, difference in 
level of pattern and resist thickness) and the overall focus diflFerence of the apparatus 
itself. Up to now, UDOF has contributed to DOF in a greater degree. Therefore, 
the development of the exposure apparatus has been mainly directed to the policy to 
design those having a large DOF. Those practically used as the technique for 
increasing DOF include, for example, modified illumination. 

By the way, in order to produce a device, it is necessary to form, on a wafer, a 
pattern obtained by combining, for example, L/S (line and space), isolated L (line), 
isolated S (space), and CH (contact hole). However, the exposure parameters for 
performing optimum exposure differ for every shape of the pattern such as L/S and 
isolated line described above. For this reason, a technique called ED-TREE (except 
for CH concerning a diflFerent reticle) has been hitherto used to determine, as a 
specification of the exposure apparatus, common exposure parameters (for example, 
coherence factor, sigma., N A., exposure control accuracy, and reticle drawing 
accuracy) so that the resolution line width is within a predetermined allowable error 
with respect to a target value, and a predetermined DOF is obtained. However, it is 
considered that the following technical trend will appear in future. 

(1) In accordance with the improvement in process technology (improvement in 
flatness on the wafer), the difference in pattern level will be progressively lowered, 
and the resist thickness will be progressively decreased. There will be a possibility 
that the UDOF may change from an order of 1 )am -> 0.4 |im. 

(2) The exposure wavelength changes to be short, i.e., g-ray (436 nm) -> i-ray 
(365 nm) -> KrF (248 nm). However, investigation will be made for only a light 
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source based on ArF (193) in future. Further technical hurdle is high. Thereafter, 
the progress will proceed to EB exposure. 

(3) It is expected that the scanning exposure such as those based on the 
step-and-scan system will be predominantly used for the stepper, in place of the 
stationary exposure such as those based on the step-and-repeat system. The 
step-and-scan system makes it possible to perform exposure for a large field by using 
a projection optical system having a small diameter (especially in the scanning 
direction), in which it is easy to realize high N.A. corresponding thereto. 

In the background of the technical trend as described above, the double 
exposure method is reevaluated as a method for improving the limiting resolution. 
Trial and investigation are made such that the double exposure method will be used 
for KrF exposure apparatus and ArF exposure apparatus in future to perform exposure 
up to those having 0.1 ^rni L/S. In general, the double exposure method is roughly 
classified into the following three methods. 

(1) L/S's and isolated lines having different exposure parameters are formed on 
different reticles, and exposure is performed for each of them on an identical wafer 
under an optimum exposure condition. 

(2) For example, when the phase shift method is introduced, L/S has a higher 
resolution at an identical DOF as compared with the isolated line. By utilizing this 
fact, all patterns are formed with L/S's by using the first reticle, and L/S's are curtailed 
for the second reticle to form the isolated lines. 

(3) In general, when the isolated line is used, a high resolution can be obtained 
with a small N.A. as compared with L/S (however, DOF is decreased). Accordingly, 
all patterns are formed with isolated lines, and the isolated lines, which are formed by 
using the first and second reticles respectively, are combined to form L/S's. The 
double exposure method described above has two effects of improvement in 
resolution and improvement in DOF. 

However, in the double exposure method, the exposure process must be 
performed several times by using a plurality of reticles. Therefore, inconveniences 
arise in that the exposure time (T4) is not less than two-fold as compared with the 
conventional apparatus, and the throughput is greatly deteriorated. For this reason, 
actually, the double exposure method has not been investigated so earnestly. The 
improvement in resolution and depth of focus (DOF) has been hitherto made by 
means of, for example, the use of an ultraviolet exposure wavelength, modified 
illumination, and phase shift reticle. 
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However, when the double exposure method described above is used for the 
KrF and ArF exposure apparatuses, it is possible to realize exposure with up to 0.1 jim 
L/S. Accordingly, it is doubtless that the double exposure method is a promising 
choice to develop the next.generation machine aimed at mass-production of DRAM of 
256 M and 1 G Therefore, it has been expected to develop a new technique for 
improving the throughput which is a task of the double exposure method as a 
bottleneck for such a purpose. 

In this context, if two or more operations of the four operations, i.e., the wafer 
exchange, the search alignment, the fine alignment, and the exposure operations can 
be concurrently processed in parallel, it may be possible to improve the throughput as 
compared with the case in which the four operations are sequentially performed. For 
this purpose, it is premised that a plurality of substrate stages are provided. The 
provision of a plurality of substrate stages is known, which may be considered to be 
easy from a theoretical viewpoint. However, there are numerous problems which 
should be solved in order to exhibit a sufficient effect. For example, if two substrate 
stages each having a size equivalent to those of presently used substrate stages are 
merely arranged and placed side by side, an inconvenience arises in that the 
installation area for the apparatus (so-called foot print) is remarkably increased, 
resulting in increase in cost of the clean room in which the exposure apparatus is 
placed. In order to realize highly accurate overlay, it is necessary to execute 
alignment for the sensitive substrate on an identical substrate stage, and then execute 
positional adjustment for the image of the pattern on the mask and the sensitive 
substrate by using a result of the alignment so that exposure is carried out. 
Therefore, for example, if one of the two substrate stages is merely exclusively used 
for exposure, and the other is merely exclusively used for alignment, there is no real 
countermeasure. 

Further, there have been hitherto the following necessities. That is, when two 
operations are concurrently processed in parallel to one another while independently 
controlling movement of two substrate stages, then the movement should be 
controlled so that the both stages do not make contact with each other (prevention of 
interference), and the operation performed on one of the stages does not affect the 
operation performed on the other stage (prevention of disturbance). 

Furthermore, in the case of the scanning type projection exposure apparatus, the 
order of exposure for respective shot areas on the wafer W is determined, for example, 
by respective parameters of (1) to (4), i.e., (1) acceleration and deceleration times 
during scanning, (2) adjustment time, (3) exposure time, and (4) stepping time to 
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adjacent shot. However, in general, the acceleration and the deceleration of the 
reticle stage give the rate-determining condition. Therefore, it is most efficient that 
scanning is alternately performed for the reticle stage from one side to the other side 
and from the other side to one side in the scanning direction, in synchronization with 
which scanning is alternately performed for the wafer in the direction opposite to that 
for the reticle stage (for this purpose, the wafer is subjected to stepping in an amount 
corresponding to one shot after exposure for one shot). 

However, when the conventional complete pre-measurement control described 
above is performed (for example, Japanese Laid-Open Patent Publication No. 
6-283403), it has been difficult to perform exposure in the aforementioned most 
efficient order of exposure. That is, when a shot area in the vicinity of the center of 
the wafer is exposed, the complete pre-measurement control can be performed 
without any special problem. However, in the case of shot areas existing in the 
vicinity of the outer circumference of the wafer, and in the case of incomplete shots 
existing on the outer circumference, it is sometimes difficult to perform the complete 
pre-measurement control depending on the scanning direction for such shot areas. In 
the present circumstances, it is inevitable to direct the scanning direction from the 
inside to the outside of the wafer in order to perform complete pre-measurement. 
For this reason, the throughput has been consequently lowered. 

Japanese Laid-Open Patent Publication No. 8-5 1069, corresponding to U.S. 
patent application Sen No. 261,630 filed on Jun. 17, 1994, discloses a step-and-repeat 
apparatus comprising a plurality of wafer stations each of which comprises a wafer 
position observing and tracking apparatus. The apparatus is provided, as the wafer 
station, with an image-forming station and a characteristic measuring station, and each 
station has a chuck for holding the wafer thereon. On the characteristic measuring 
station, an inclination and a depth of a field is determined for each field of the wafer. 
The image-forming station is provided with an image-forming lens, and the image is 
printed on each field of the wafer on which the characteristic has been measured in the 
measuring characteristic station. To measure the characteristic and to form an image 
in these stations are performed in parallel. This publication discloses that therefore 
the throughput of this apparatus can be doubled compared with a conventional stepper 
which performs the measurement of characteristic and the formation of image in 
order. However, in this type of apparatus, in order that the data concerning the wafer 
collected on the measuring characteristic station are kept effective and accurate even 
after the wafer has been transferred to the image-forming station, the wafer must be 
monitored continuously with an interferometer. 
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The present invention has been made under the circumstances as described 
above, and a first object of the invention is to provide a projection exposure apparatus 
which makes it possible to further improve the throughput. 

A second object of the invention is to provide a projection exposure method 
which makes it possible to further improve the throughput. 

A third object of the invention is to provide a projection exposure apparatus 
which makes it possible to improve the throughput by concurrently processing, for 
example, the exposure operation and the alignment operation in parallel to one 
another, miniaturize a substrate stage, and reduce the weight of the substrate stage. 

A fourth object of the invention is to provide a projection exposure method 
which makes it possible to improve the throughput, miniaturize a stage, and reduce 
the weight of the stage. 

A fifth object of the invention is to provide a projection exposure apparatus 
which makes it possible to further improve the throughput and avoid any mutual 
influence of disturbance between the both stages, 

A sixth object of the invention is to provide a projection exposure apparatus 
which makes it possible to further improve the throughput and avoid any mutual 
interference between the both stages. 

A seventh object of the invention is to provide a projection exposure method 
which makes it possible to further improve the throughput and avoid any mutual 
influence of disturbance between the both stages. 

An eighth object of the invention is to provide a projection exposure method 
which makes it possible to further improve the throughput and avoid any mutual 
interference between the both stages. 

A ninth object of the invention is to provide a projection exposure apparatus 
which makes it possible to perform highly accurate focus/leveling control while 
further improving the throughput. 

A tenth object of the invention is to provide a projection exposure method which 
makes it possible to perform highly accurate focus/leveling control while further 
improving the throughput. 
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An eleventh object of the invention is to provide a projection exposure method 
which makes it possible to perform highly accurate focus/leveling control while 
further improving the throughput even when EGA is performed for conducting 
positional adjustment with respect to a mask on the basis of an arrangement of sample 
shot areas. 

A twelfth object of the invention is to provide a projection exposure apparatus 
which makes it possible to perform highly accurate focus/leveling control while 
further improving the throughput, such that focus information concerning those 
disposed at the inside, which has been impossible to be subjected to pre-measurement 
when shot areas in the vicinity of outer circumference of a sensitive substrate are 
exposed, is used as pre-measurement data for focus control. 

A thirteenth object of the invention is to provide a scanning exposure method 
which makes it possible to perform highly accurate focus/leveling control while 
further improving the throughput. 

A fourteenth object of the invention is to provide an exposure method capable of 
improving throughput and determining the size of the substrate stage regardless of the 
baseline amount. 

Summarv of the Invention 

If a plurality of actions among the aforementioned three actions, i.e., wafer 
replacement (including search alignment), fine alignment and exposure, can be 
performed in parallel even partially, throughput may be improved compared with the 
sequential execution of these actions. The present invention has been devised in this 
view and for overcoming the inconveniences of the conventional art. 

According to the first aspect of the present invention, there is provided an 
exposure apparatus for exposing a plurality of areas (SA) divided on a sensitive 
substrate (Wl, W2) respectively with a predetermined pattern, the exposure apparatus 
comprising; a plurality of stages (WSl, WS2), each holding a sensitive substrate (Wl, 
W2) thereon, while moving independently between a positional information 
measuring section (PIS) in which positional information of the respective divided 
areas on the sensitive substrate are measured and an exposure section (EPS). The 
measurement of the positional information on the respective divided areas (shot areas 
(SA)) on the sensitive substrate is performed on the positional information measuring 
section (PIS), while the exposure of the respective divided areas is performed on the 
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exposure section (EPS). Since the measurement and the exposure are performed in 
parallel, the throughput is remarkably improved compared to a conventional exposure 
apparatus wherein the process steps in these sections are performed sequentially. In 
order for the inventive exposure apparatus to keep accurate the positional information, 
such as positions in a directions of X, Y and Z of each area, measured in the positional 
information measuring section, each stage (WSl, WS2) has a reference mark (MKl, 
MK2, MK3) for determining a relative position of each divided area (SA) on the 
sensitive substrate on the stage. The alignment of each divided area on the sensitive 
substrate is performed in the exposure section using the relative position of each 
divided area with respect to the reference mark measured in the positional information 
measuring section. Accordingly, it is sufficient for each of the position measuring 
system (such as interferometers) for measuring position of the stage positioned on the 
positional information measuring section and the position measuring system (such as 
interferometers) for measuring position of the stage positioned on the exposure 
section, to independently measure the stage position only in one section. It is not 
necessary for one of the position measuring systems to monitor the position of one 
stage during the movement of the stage between the two sections. Further, there is 
no need to transmit data between the position measuring systems. 

The exposure apparatus further may comprise positional information detecting 
systems in the positional information measuring section and the exposing section, 
respectively. The positional information detecting systems may measure or 
determine the position of each divided area of the sensitive substrate with respect to 
the reference mark. When the exposure apparatus is a projection exposure 
apparatus, the positional information detecting system in the positional information 
measuring section may an alignment system (24a, 24b) and a detection system (130) 
for detecting the position of the surface of the sensitive substrate, and the positional 
information detecting system in the exposure section may be a detector (52a, 52b) for 
detecting the marks through the projection optical system. The exposure apparatus 
may further comprise a storing apparatus (91) for storing positional information of 
each divided area on the sensitive substrate which has been determined in the 
positional information measuring section. 

According to the second aspect of the present invention, there is provided a 
projection exposure apparatus for exposing a sensitive substrate (Wl, W2) by 
projecting a pattern formed on a mask (R) through a projection optical system (PL) 
onto the sensitive substrates, characterized by having: a first substrate stage (WSl) 
which is movable on a two-dimensional plane while holding a sensitive substrate 
(Wl), the first substrate stage having a reference mark formed thereon; a second 
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substrate stage (WS2) which is movable independently from the first substrate stage 
(WSl) on the same plane as that for the first substrate stage (WSl) while holding a 
sensitive substrate (W2), the second substrate stage having a reference mark formed 
thereon; at least one mark detecting system (for example, 24a) provided apart from 
the projection optical system (PL), for detecting reference mark on the substrate stage 
(WSl, WS2) or a mark on the sensitive substrate (Wl, W2) held on the substrate stage 
(WSl, WS2); and a controller (90) for controlling operations of the both stages (WSl, 
WS2) so that one of the first and second substrate stages (WSl or WS2) performs a 
mark-detecting operation effected by the mark detecting system (24a), while the other 
stage (WS2 or WSl) performs an exposure operation. 

According to the projection exposure apparatus, the controller controls the 
operations of the both stages (WSl, WS2) so that the one of the stages of the first 
substrate stage and the second substrate stage performs the mark-detecting operation 
effected by the mark detecting system, during which the exposure operation is 
performed on the other stage. Accordingly, the detecting operation for the mark on 
the sensitive substrate held on the one substrate stage can be processed concurrently 
with the exposure operation for the sensitive substrate held on the other substrate 
stage. Therefore, the operation corresponding to the time T2 and the time T3 
explained above can be processed concurrently with the operation corresponding to 
the time T4. Thus, it is possible to improve the throughput as compared with the 
conventional sequential process which requires the time (T1+T2+T3+T4). 

In this projection exposure apparatus, it is still more desirable that when the 
projection exposure apparatus further comprises a transport system (1 80 to 200) for 
delivering the sensitive substrate (Wl, W2) with respect to the first and second 
substrate stages (WSl and WS2), then the controller (90) controls the operations of 
the both stages (WSl, WS2) so that one of the substrate stages (WSl or WS2) 
performs the delivery of the sensitive substrate with respect to the transport system 
(1 80 to 200) and the mark-detecting operation effected by the mark detecting system 
(24a), during which the other stage (WS2 or WSl) performs the exposure operation 
effected by the projection optical system (PL). In such an arrangement, the 
operation corresponding to the time Tl, the time T2, and the time T3 explained above 
can be performed by the one substrate stage, and the operation corresponding to the 
time T4 can be performed by the other substrate stage. Accordingly, it is possible to 
further improve the throughput. 

In the projection exposure apparatus, at least one mark detecting system such as 
alignment system may be provided separately from the projection optical system. 
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However, for example, when two mark detecting systems are provided separately 
from the projection optical system, it is also preferable, that the two mark detecting 
systems (24a, 24b) are arranged on both sides of the projection optical system (PL) 
along a predetermined direction; and the controller (90) is operated such that the 
reference mark on the first substrate stage (WSl) or the mark on the sensitive 
substrate (Wl) held on the first substrate stage (WSl) is detected by using the one 
mark detecting system (24a), and the reference mark on the second substrate stage 
( WS2) or the mark on the sensitive substrate (W2) held on the second substrate stage 
(WS2) is detected by using the other mark detecting system (24b). In this 
embodiment as described above, the sensitive substrate on the one substrate stage may 
be exposed by using the projection optical system located at the center (exposure 
operation), during which the sensitive substrate on the other substrate stage may be 
subjected to the mark detection by using the one mark detecting system (alignment 
operation). When the exposure operation is changed to the mark detecting operation, 
then the one substrate stage having been located under the projection optical system 
can be easily moved to the position of the other mark detecting system, and the other 
substrate stage having been located at the position of the one mark detecting system 
can be easily moved to the position under the projection optical system, only by 
moving the two substrate stages along the predetermined direction toward the other 
mark detecting system. By doing so, it is possible to alternately use the two mark 
detecting systems. 

According to the third aspect of the present invention, there is provided a 
projection exposure method for exposing a sensitive substrate (Wl, W2) by projecting 
a pattern formed on a mask (R) through a projection optical system (PL) onto the 
sensitive substrates, characterized by: preparing two substrate stages (WSl, WS2) 
each of which is movable independently on a two-dimensional plane while holding a 
sensitive substrate (Wl, W2); and performing, by using one stage (WSl or WS2) of 
the two substrate stages (WSl, WS2), at least one of an exchange operation for the 
sensitive substrate and a detecting operation for a mark on the one stage or on the 
sensitive substrate held on the one stage, while executing an exposure operation for 
the sensitive substrate by using the other stage (WS2 or WSl) of the two substrate 
stages. 

According to the projection exposure method, at least one of the operation 
corresponding to the time Tl and the operation corresponding to the time (T2+T3) 
explained above is performed on the one substrate stage, during which the operation 
corresponding to the time T4 is performed on the other substrate stage concurrently 
therewith. Accordingly, it is possible to improve the throughput as compared with 
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the conventional sequential process which requires the time (T1+T2+T3+T4). 
Especially, when the operation corresponding to the time (T1+T2+T3) is performed 
by the one stage, during which the operation corresponding to the time T4 is 
performed by the other stage concurrently therewith, then it is possible to further 
improve the throughput. 

In this aspect, the respective operations performed on the two substrate stage are 
not necessarily completed at the same time. However, it is also preferable that the 
operations of the two substrate stages are changed to one another at a point of time of 
completion of the operations of the two substrate stages. Accordingly, among the 
two stages, one stage, on which the operation is completed earlier, is subjected to a 
waiting mode, and the operations are changed to one another at the point of time of 
completion of the operation of the other stages. The waiting time may behave as a 
factor to lower the throughput. Therefore, it is desirable that the contents of the 
operations concurrently processed on the two substrate stages are divided so that the 
waiting time is decreased as short as possible. 

According to the fourth aspect of the present invention, there is provided a 
method for exposing a sensitive substrate (W) by projecting a pattern formed on a 
mask (R) through a projection optical system (PL) onto the sensitive substrates, 
characterized by: preparing two substrate stages (WSl, WS2) independently movable 
in the same plane while each holding a sensitive substrate (W); exposing the sensitive 
substrate (W) held on one of the two substrate stages (WSl or WS2) with the pattern 
image of the mask (R) through the projection optical system (PL); measuring the 
positional relation between an alignment mark on the sensitive substrate (W) held on 
the other of the two substrate stages (WS2 or WSl) and a reference point on the other 
stage (WS2 or WSl) during exposure of the sensitive substrate (W) held on the one 
substrate stage (WSl or WS2); detecting the positional deviation of the reference 
point on the other substrate stage from a predetermined reference point in a projection 
area of the projection optical system and the coordinate position of the other substrate 
stage, with the reference point on the other substrate stage being positioned in the 
projection area, after completion of exposure of the sensitive substrate held on the one 
substrate stage; and controlling the movement of the other substrate stage on the basis 
of the detected positional relation, the detected positional deviation and the detected 
coordinate position to perform alignment between the sensitive substrate held on the 
other stage and the pattern image of the mask. 

According to the projection exposure method, while the sensitive substrate (W) 
held on the one substrate stage (WSl or WS2) of the two substrate stages (WSl, 
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WS2) is being exposed with the pattern image of the mask (R) through the projection 
optical system (PL), (1) the positional relation between the alignment mark on the 
sensitive substrate (W) held on the other substrate stage (WS2 or WSl) of the two 
substrate stages and the reference point on the other stage (WS2 or WSl) is measured. 
As noted from this, the exposure action on the one substrate stage side and the 
alignment action on the other substrate stage side (measurement of the positional 
relation between the alignment mark on the sensitive substrate held on the other 
substrate stage and the reference point on the other substrate stage) can be performed 
in parallel. Thus, throughput can be improved in comparison with conventional 
technologies by which these actions were performed sequentially. 

After exposure of the sensitive substrate held on the one substrate stage, (2) the 
positional deviation of the reference point on the other substrate stage from the 
predetermined reference point in the projection area of the projection optical system 
(PL) and (3) the coordinate position of the other substrate stage at the time of 
detecting the positional deviation are detected, with the reference point on the other 
substrate stage (WS2 or WSl) being positioned in the projection area. Then, the 
movement of the other substrate stage (WS2 or WSl) is controlled on the basis of the 
detected positional relation 1, the detected positional deviation 2 and the detected 
coordinate position 3 to perform alignment between the sensitive substrate held on the 
other stage and the pattern image of the mask. 

Thus, it presents no disadvantages whether the interferometer (or coordinate 
system) for managing the position of the substrate stage at the time of detecting the 
positional relation 1 between the predetermined reference point on the other substrate 
stage and the alignment mark on the sensitive substrate is the same as or different 
from the interferometer (or coordinate system) for managing the position of the stage 
during the detection of the positional deviation 2 and during the detection of the 
coordinate position of the substrate stage 3. Regardless of whether these two 
interferometers are different, the alignment of the pattern image of the mask with the 
sensitive substrate placed on the other substrate stage can be performed highly 
accurately. This means that there is no need to successively measure the positions of 
the stage by one interferometer during the alignment operation, the movement 
operation from an alignment position to the exposure position and the exposure 
operation. 

Thus, when an off-axis alignment system (a detector for detecting an alignment 
mark is not directly below the projection optical system) is used as a mark detection 
system for detecting the alignment mark, for example, it becomes unnecessary to 
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measure the positional relation between the predetermined reference point in the 
projection area of the projection optical system (the center of projection of the pattern 
image of the mask) and the center of detection of the alignment system, that is, 
unnecessary to measure the baseline amount. As a result, whatever distance exists 
between the projection optical system and the alignment system produces no 
disadvantage. Thus, the size of the substrate stage can be design irrespective of the 
baseline amount. Even if the substrate stage becomes small in size or light in 
weight, no disadvantage will emeige, and mark position measurement and pattern 
projection by exposure through the projection optical system can be carried out for the 
entire surface of the sensitive substrate. In this case, no influence of changes in the 
baseline amount is exerted. 

According to the fifth aspect of the present invention, there is provided a 
projection exposure apparatus for exposing a sensitive substrate (W) by projecting a 
pattern through a projection optical system (PL) onto the sensitive substrates, 
comprising: a first substrate stage (WSl), on which a reference mark is formed, 
moving in a two-dimensional plane while holding a sensitive substrate (W); a second 
substrate stage (WS2), on which a reference mark is formed, moving in the same 
plane in which the first substrate stage (WSl) moves independently of the first 
substrate stage (WSl) while holding a sensitive substrate (W); a mark detecting 
system (WA), provided apart fi-om the projection optical system (PL), for detecting 
the reference mark on the substrate stage (WSl, WS2) or a mark on the sensitive 
substrate ( W) held on the stage; an interferometer system (26) for measuring the 
two-dimensional positions of the first substrate stage and the second substrate stage; a 
moving device (201, 22) for moving each stage between a predetermined first position 
in a stage moving range during exposure during which the sensitive substrate held on 
the stage is exposed through the projection optical system, and a predetermined 
second position in a stage moving range during mark detecting during which the mark 
on the stage or the mark on the sensitive substrate held on the stage is detected by the 
mark-detecting system; and a controller (28) for controlling the actions of the first 
substrate stage and the second substrate stage while monitoring the measured values 
of the interferometer system (26) so that during exposure of the sensitive substrate 
held on one of the first substrate stage and the second substrate stage, a mark 
detecting action by the mark detecting system (WA) is performed on the other of the 
first substrate stage and the second substrate stage, and then controlling the moving 
device (201, 22) to interchange the positions of the one substrate stage and the other 
substrate stage. 
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According to the above constitution, the controller (28) controls the actions of 
the two stages while monitoring the measured values of the interferometer system 
(26) so that during exposure of the sensitive substrate held on one stage of the two 
stages, a mark detecting action by the mark detecting system (for example, an 
alignment system) (WA) is performed on the other stage, and then controls the 
moving device(201, 221) to interchange the position of the one stage with the position 
of the other stage. This parallel execution of the exposure action on the one stage 
side and the alignment action on the other stage side enables throughput to be 
improved. Also, if the sensitive substrate is replaced on the substrate stage at the 
second position after interchange of the positions, actions of the two stages are 
interchanged, whereby during exposure of the sensitive substrate held on the other 
stage, a mark detecting action by the mark detecting system (for example, the 
alignment system) (WA) can be performed on the one stage. 

According to the projection exposure apparatus, the interferometer system (26) 
may has the first measuring axis (Xe) and the second measuring axis (Ye) intersecting 
each other perpendicularly at the center of projection of the projection optical system 
(PL), and the third measuring axis (Xa) and the fourth measuring axis (Ya) 
intersecting each other perpendicularly at the center of detection of the mark detecting 
system (WA). It is desirable that the controller (28) resets the measuring axes (Xe, 
Ye, Xa, Ya) of the interferometer system (26) in interchanging the positions of the one 
stage and the other stage. By means of constituting the interferometer system and 
the controller in this manner, since the interferometer system (26) has the first 
measuring axis (Xe) and the second measuring axis (Ye) intersecting each other 
perpendicularly at the center of projection of the projection optical system (PL), and 
the third measuring axis (Xa) and the fourth measuring axis (Ya) intersecting each 
other perpendicularly at the center of detection of the mark detecting system 
(alignment system) (WA), the positions of the substrate stages (WSl, WS2) can be 
managed precisely without Abbe's error both during exposure of the sensitive 
substrate with the pattern through the projection optical system and during detection 
of the position detecting mark by the mark detecting system. Furthermore, the 
controller (28) resets the measuring axes (Xe, Ye, Xa, Ya) of the interferometer system 
(26) in interchanging the positions of the one stage and the other stage. During 
position interchange, the measuring axes of the interferometer system that has 
managed the positions of the substrate stages until then may be interrupted. Even in 
this case, it suffices to predetermine the positions at which to reset the measuring axes 
(Xe, Ye, Xa, Ya) of the interferometer system (26). After resetting, the positions of 
the first and second substrate stages can be managed using the measured values of the 
reset measuring axes. 
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According to the sixth aspect of the present invention, there is provided an 
exposure apparatus for exposing a sensitive substrates (W) by projecting a pattern on 
the sensitive substrate through a projection optical system (PL) comprising: a first 
substrate stage ( WS 1 ), on which a reference mark is formed, for moving in a 
two-dimensional plane while holding a sensitive substrate (W); a second substrate 
stage ( WS2), on which a reference mark is formed, for moving in the same plane in 
which the first substrate stage (WSl) independently of the first substrate stage while 
holding a sensitive substrate (W); a mark detecting system (WA) provided apart from 
the projection optical system (PL), for detecting the reference mark formed on the 
substrate stage or an alignment mark on the sensitive substrate held on the stage; an 
interferometer system (26) for measuring the two-dimensional positions of the first 
substrate stage and the second substrate stage; a moving device (201, 221) for moving 
each stage among three locations, i.e., a predetermined first position in a stage moving 
range during exposure during which the sensitive substrate (W) held on the stage is 
exposed through the projection optical system (PL), a predetermined second position 
in a stage moving range during alignment during which the mark on the stage or the 
mark on the sensitive substrate held on the stage is detected by the mark detecting 
system (WA), and a third position at which the sensitive substrate is passed on 
between the stage and an external substrate carrier mechanism; and a controller (28) 
for controlling the first and second substrate stages (WSl, WS2) and the moving 
device (201, 221) so that while the position of one of the first (WSl) and second 
(WS2) substrate stages is being managed by the interferometer system (26) and the 
sensitive substrate (W) held on the one stage is being exposed with the pattern 
through the projection optical system (PL), the replacement of the sensitive substrate 
(W), and an alignment action for measuring the positional relation between the 
alignment mark on the sensitive substrate (W) and a reference mark on the other stage 
based on the results of detection by the mark detecting system (WA) and the measured 
values by the interferometer system (26) are sequentially performed on the other of 
the first and second substrate stages; and for controlling the two stages and the 
moving device so that after the actions on the two stages are both completed, the 
actions to be performed on the two stages are interchanged. 

According to the exposure apparatus, the controller controls the two substrate 
stages (WSl, WS2) and the moving device (201, 221) so that while the position of the 
one substrate stage is being managed by the interferometer system and the sensitive 
substrate held on the one substrate stage is being exposed with the pattern through the 
projection optical system, the replacement of the sensitive substrate (W), and an 
alignment action for measuring the positional relation between the alignment mark on 
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the sensitive substrate (W) after replacement and the reference mark on the other stage 
based on the detection results of the mark detecting system (WA) and the measured 
values by the interferometer system (26) are sequentially performed on the other 
substrate stage. Since the exposure action on the one substrate stage side and the 
replacement of the sensitive substrate as well as the alignment action on the other 
stage side are thus performed in parallel, throughput can be further improved. In this 
case, the sensitive substrate is replaced at the third position different from the first or 
second position. Since this position of replacement is different from the positions of 
the mark detecting system(for example, an alignment system) and the projection 
optical system, the disadvantage that the mark detecting system and the projection 
optical system impede the replacement of the sensitive substrate does not occur. 

The controller also controls the two stages and the moving device so that after 
the actions of the two stages are both completed, the actions to be performed on the 
two stages are interchanged. Thus, after completion of the actions on the two stages, 
the Sensitive substrate held on the other stage is exposed successively, and during this 
exposure, the mark detecting action by the mark detecting system (WA) can be 
performed on the one stage in parallel. 

In this case, an electronic lens barrel, for example, may be used as the projection 
optical system, and the pattern may be directly drawn on the sensitive substrate with 
an electron beam. However, a mask (R) with the pattern formed thereon may be 
further provided, and the pattern image formed on the mask (R) via the projection 
optical system (PL) may be projected onto the sensitive substrates (W) on the first 
substrate stage (WSl) and the second substrate stage (WS2). 

In the exposure apparatus of the invention, it is desirable that the interferometer 
system (26) has a first measuring axis (Xe) and a second measuring axis (Ye) 
intersecting each other perpendicularly at the center of projection of the projection 
optical system (PL), and a third measuring axis (Xa) and a fourth measuring axis (Ya) 
intersecting each other perpendicularly at the center of detection of the mark detecting 
system (WA), and the controller (28) resets the first and second measuring axes (Xe 
and Ye) of the interferometer system (26) in moving each of the two stages (WSl, 
WS2) to the first position, and resets the third and fourth measuring axes (Xa and Ya) 
of the interferometer system (26) in moving each of the two stages (WSl, WS2) to the 
second position. By means of constituting the interferometer and the controller, 
since the interferometer system (26) has the first measuring axis (Xe) and the second 
measuring axis (Ye) intersecting each other perpendicularly at the center of projection 
of the projection optical system (PL), and the third measuring axis (Xa) and the fourth 
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measuring axis (Ya) intersecting each other perpendicularly at the center of detection 
of the mark detecting system (WA), the positions of the substrate stages (WSl, WS2) 
can be managed precisely without Abbe's error both during exposure of the sensitive 
substrate with the pattern through the projection optical system and during detection 
of the position detecting mark by the mark detecting system. Furthermore, the 
controller (28) resets the first and second measuring axes (Xe and Ye) of the 
interferometer system (26) in moving each of the two stages (WSl, WS2) to the first 
position, and resets the third and fourth measuring axes (Xa and Ya) of the 
interferometer system (26) in moving each of the two stages (WSl, WS2) to the 
second position. Thus, prior to the start of exposure and the start of aligning 
measurement for each substrate stage, it is possible to rest the measuring axes that are 
required for the respective actions. Until then, the measuring axes of the 
interferometer system that has managed the positions of the respective substrate stages 
may be interrupted. After resetting, however, the positions of the two stages at the 
time of exposure and alignment can be managed using the measured values of the 
reset measuring axes. 

In the exposure apparatus of the invention, it is desirable to fiirther provide mark 
position detector (52A, 52B) for detecting the relative positional relation between the 
center of projection of the pattern image of the mask (R) formed by the projection 
optical system and the reference mark on the stage via the mask (R) and the projection 
optical system (PL). By so doing, the positional relation between the center of 
projection of the pattern image of the mask (R) and the reference mark on the 
substrate stage can be detected by the mark position detector (52A, 523) via the mask 
(R) and the projection optical system (PL) when the substrate stages (WSl, WS2) are 
positioned at a position at which the positional relation between the predetermined 
reference mark on the substrate stage (18) and the center of projection of the mask 
pattern image can be detected in the projection area of the projection optical system 
(PL). In this case, it is desirable that the position at which the positional relation 
between the predetermined reference mark on the substrate stage (18) and the center 
of projection of the mask pattern image can be detected in the projection area of the 
projection optical system (PL) be set as the first position, and the first and second 
measuring axes be reset at this position. 

In the exposure apparatus, each of the substrate stages (WSl, WS2) may have a 
stage body ( WS 1 a, WS2a), and a substrate holding member ( WS 1 b, WS2b) 
detachably mounted on the body (WSla, WS2a) for holding the substrate, a reflecting 
surface for an interferometer may be provided on the side surface of the substrate 
holding member (WSlb, WS2b), and a reference mark (WM, RM) may be formed on 
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the upper surface of the substrate holding member. When the exposure apparatus 
has such constitutions, the moving device (201, 221) may move the substrate holding 
member among the respective locations mentioned earlier instead of the substrate 
stage. 

In the above cases, the moving device may be of any type which moves the 
substrate stage or the substrate holding member among the three locations, i.e., the 
first position, the second position and the third position (or between the first and 
second positions), without monitoring the measured values by the interferometer. 
For instance, the moving device may be composed of a robot arm (201, 221). 

In the exposure apparatus, a fixed mirror serving as a reference for measurement 
by the interferometer may be located at any place. Fixed mirrors (14X, 14Y; 1 8X, 
1 8 Y) serving as a reference for measurement by the interferometer may be attached to 
the projection optical system (PL) and the mark detecting system (WA), respectively. 
In this case, compared with the fixed mirrors existing at other places, an error 
minimally occurs in the results of measurement under the influence of positional 
changes of the fixed mirrors over time or the influence of positional changes of the 
fixed mirrors associated with vibrations of the apparatus. 

In the exposure apparatus, only two stages, the first substrate stage and the 
second substrate stage, are provided. However, at least one other substrate stage 
movable independently of the two substrate stages in the same plane as for these 
stages while holding a sensitive substrate may be further provided in addition to the 
first substrate stage (WSl) and the second substrate stage (WS2). 

According to the seventh aspect of the present invention, there is provided a 
projection exposure apparatus for exposing a plurality of shot areas divided on a 
sensitive substrate (Wl, W2) by projecting an image of a pattern formed on a mask 
(R) via a projection optical system (PL) onto each of the shot areas, characterized by 
comprising: a first substrate stage (WSl) which is movable on a two-dimensional 
plane while holding a sensitive substrate (Wl); a second substrate stage (WS2) which 
is movable independently from the first substrate stage (WSl) on the same plane as 
that for the first substrate stage (WSl) while holding a sensitive substrate (W2); a 
positional information detecting system (for example, 24a, 130) for detecting the 
positional information of at least one shot area of the sensitive substrate (Wl or W2) 
held on the substrate stage (WSl or WS2) provided apart from the projection optical 
system (PL); substrate-driving systems (LS) provided for the first substrate stage 
(WSl) and the second substrate stage (WS2) respectively, for adjusting surface 
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positions of the sensitive substrates (Wl or W2) held on the stages (WSl or WS2); 
and a controller (90) for controlling the two stages (WSl, WS2) so that a positional 
information detecting operation based on the use of the positional information 
detecting system (24a, 130) is performed for one stage (for example, WSl) of the first 
substrate stage (WSl) and the second substrate stage (WS2), during which an 
exposure operation based on the use of the projection optical system (PL) is 
performed for the other of the stages (for example WS2), thereafter controlling one of 
the stages (WSl) so that the exposure operation based on the use of the projection 
optical system (PL) is performed for the one of the stages (WSl), and controlling the 
substrate-driving system (LSI) for the one of the stages (WSl) to perform an 
alignment of the shot area in exposure, using information on a surface position of the 
shot area resulted from the positional information detection. 

According to the exposure apparatus, the two stages are controlled by the 
controller so that the detection of positional information based on the use of the 
positional information detecting system is performed for one of the stages of the first 
substrate stage and the second substrate stage, during which the exposure operation is 
performed by using the projection optical system for the other of the stages. 
Accordingly, the mark-measuring operation for the one of the stages is processed 
concurrently in parallel to the exposure operation for the other of the stages. Thus, it 
is possible to contemplate improvement in throughput as compared with the 
conventional technique in which these operations have been sequentially performed. 
Further, after completion of the concurrent process of the mark-measuring operation 
for one of the stages and the exposure operation for the other stage, the controller 
controls the one of the stages so that the exposure operation based on the use of the 
projection optical system is performed for the one of the stages, and the controller 
controls the substrate-driving system for the one of the stages on the basis of the 
detection result obtained by using information of the surface position of the shot area 
during the detection of the positional information for the one of the stages. 
Accordingly, during the exposure operation for the one of the stages, the 
substrate-driving system for the one of the stages is controlled using the surface 
position (Z-directional position) obtained during the detection of the positional 
information so that the surface position of the sensitive substrate can be quickly 
driven into a position near to the image formation plane of the projection optical 
system. 

In the exposure apparatus, the positional information detecting system may 
comprise at least one alignment system (24a) for measuring a mark on the sensitive 
substrate held on the substrate stage and a first detecting system (130) for detecting 
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positional information of a surface of the sensitive substrate during measurement 
operation of the mark based on the use of the alignment system. Further, the 
positional information detecting system may be provided with a second detecting 
system (132) for detecting positional information of a surface of the sensitive 
substrate during exposure operation based on the use of the projection optical system. 
The controller (90) may control the two stages so that the detection by using the 
positional information detecting system for one of the stages of the first substrate 
stage and the second substrate stage is performed, during which the exposure 
operation based on the use of the projection optical system is performed for the other 
of the stages. After that, the controller may control the one of the stages so that the 
exposure operation based on the use of the projection optical system is performed for 
the one of the stages. And also, the controller may control the substrate-driving 
system (LS) for the one stage on the basis of the detection result obtained by using the 
first detecting system during the mark-measuring operation for the one stage and the 
detection result obtained by using the second detecting system during the exposure 
operation for the one stage to perform an alignment in the exposure of the shot area. 
The substrate-driving system can be further adjusted finely on the basis of the 
detection result obtained by using the second detecting system so that the surface of 
the sensitive substrate coincides with the image formation plane. Therefore, it is 
possible to perform quick and highly accurate focus/leveling control. 

It is desirable that the projection exposure apparatus is a scanning type 
projection exposure apparatus (for example, a step-and-scan type exposure apparatus) 
for exposing sensitive substrates with an image of a pattern formed on a mask (R) by 
moving the sensitive substrate in a scanning direction with respect to an exposure area 
(IF) which is conjugate to an illumination area (lA) illuminated with an illumination 
light beam, in synchronization with movement of the mask in the scanning direction 
with respect to the illumination area. In this case, the controller (90) controls the two 
stages so that the detection by using the positional information detecting system for 
one stage of the first substrate stage and the second substrate stage is performed, 
during which the exposure operation based on the use of the projection optical system 
is performed for the other of the stages. After that, when the one stage is controlled 
so that the exposure operation based on the use of the projection optical system is 
performed for the one stage, upon exposure for shot areas in the vicinity of outer 
circumference which are set to be subjected to scanning fi"om the outside to the inside 
of the sensitive substrate with respect to the exposure area (IF), of a plurality of shot 
areas on the sensitive substrate held on the one of the stages, the controller may 
control the substrate-driving system (LS) on the basis of a detection result obtained by 
using the first detecting system (130) during detecting the positional information of 
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the one stage (WSl) and a detection result obtained by using the second detecting 
system (132) during the exposure operation for the one stage. And, the controller 
may control the substrate-driving system (LS) for the one stage by using only the 
detection result obtained by using the second detecting system (132) upon exposure 
for the other shot areas than the shot areas in the vicinity of outer circumstance to 
perform an alignment in the exposure of the shot area. In this case, when the shot 
areas in the vicinity of the outer circumference, which are set to be subjected to 
scanning from the outside to the inside of the sensitive substrate, concerning the 
exposure area for which information on the surface position of the sensitive substrate 
during exposure for the previous shot is not obtained, are exposed during the exposure 
operation for the one stage, the substrate-driving system for the one stage can be 
controlled on the basis of the detection result obtained by using the first detecting 
system during the mark-measuring operation for the one stage to drive the surface 
position of the sensitive substrate into the position near to the image formation plane 
of the projection optical system. Further, the substrate-driving system can be further 
adjusted finely on the basis of the detection result obtained by using the second 
detecting system so that the surface of the sensitive substrate coincides with the image 
formation plane. On the contrary, upon exposure for shot areas other than the above, 
for which information on the surface position of the sensitive substrate during 
exposure for the previous shot is obtained, the substrate-driving system for the one 
stage is controlled on the basis of the information on the surfece position of the 
sensitive substrate during exposure for the previous shot prior to the start of exposure 
for the exposure-objective shot area so that the surface position of the sensitive 
substrate is quickly driven into the position near to the image formation plane of the 
projection optical system, followed by performing the adjustment for the surface 
position ("focus/leveling" adjustment) of the sensitive substrate by using only the 
detection result obtained by using the second detecting system during exposure. 
Therefore, it is possible to perform quick and highly accurate focus/leveling control in 
any exposure of shot area. 

According to the eighth aspect of the present invention, there is provided a 
projection exposure method for exposing sensitive substrates (Wl or W2) with an 
image of a pattern formed on a mask (R) via a projection optical system (PL), 
comprising the steps of: preparing two substrate stages (WSl, WS2) which is movable 
independently on an identical two-dimensional plane while each holding a sensitive 
substrate (Wl or W2); measuring positional information of at least one shot area on 
the sensitive substrate (for example, Wl) held on one stage (for example, WSl) of the 
two stages (WSl, WS2); exposing the sensitive substrate (W2) held on the other stage 
(WS2) of the two stages (WSl, WS2) with the image of the pattern formed on the 
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mask (R) during the period in which the measuring operation for the positional 
information is performed for the one of the stages ( WS 1 ); and exposing the sensitive 
substrate held on the one of the stages (WSl), after completion of the exposure 
operation performed for the other of the stages (WS2), while adjusting a surface 
position of the sensitive substrate (Wl) held on the one of the stages (WSl) on the 
basis of the measured positional information. 

According to the exposing method, for example, in one stage, the 
mark-measuring operation for an alignment mark of sensitive substrate and detection 
of positional information such as the relative position with respect to the 
predetermined reference plane of the sensitive substrate are performed for one stage 
of the two stages, during which, in parallel thereto, the sensitive substrate held on the 
other stage of the two stages is exposed with the image of the pattern on the mask. 
Accordingly, owing to the concurrent and parallel process of the mark-measuring 
operation for the one stage and the exposure operation for the other stage, it is 
possible to contemplate improvement in throughput as compared with the 
conventional technique in which these operations have been performed in a sequential 
manner. After completion of the exposure operation for the other stage, namely after 
completion of the concurrent operations on the two stages, the sensitive substrate held 
on the one stage is subjected to exposure. During the exposure, the surface position 
of the sensitive substrate held on the one stage is adjusted using information on the 
surface position of the shot area of the sensitive substrate held on the one stage 
detected previously, with respect to the predetermined reference plane. Accordingly, 
during the exposure operation effected for the one stage, the surface position of the 
sensitive substrate held on the one stage can be quickly driven into a position near to 
the image formation plane of the projection optical system on the basis of the 
information on the surface position previously detected. Therefore, it is possible to 
perform quick and highly accurate focus/leveling control. 

According to the ninth aspect of the present invention, there is provided a 
projection exposure apparatus for exposing a sensitive substrate (Wl, W2) by 
projecting an image of a pattern formed on a mask (R) via a projection optical system 
(PL) onto the sensitive substrates, characterized by comprising: a first substrate stage 
(WSl) on which a reference mark is formed, for moving in a two-dimensional plane 
while holding a sensitive substrate (Wl); a second substrate stage (WS2) on which a 
reference mark is formed, for moving in the same plane as for the first substrate stage 
(WSl) independently of the first substrate stage (WSl) while holding a sensitive 
substrate (W2); at least one a mark detecting system (24a) provided apart from the 
projection optical system (PL), for detecting the reference mark on the substrate stage 
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(WSl, WS2) or an alignment mark-on the sensitive substrate (Wl, W2) held on the 
substrate stage ( WS 1 , WS2); and an interferometer system provided with a first 
length-measuring axis (BIIX) for measuring a position of the first substrate stage 
(WSl) in a direction of a first axis from one side in the direction of the first axis 
passing through a projection center of the projection optical system (PL) and a 
detection center of the mark detecting system (24a), a second length-measuring axis 
(BI2X) for measuring a position of the second substrate stage (WS2) in the direction 
of the first axis from the other side in the direction of the first axis, a third 
length-measuring axis (BI3 Y) which perpendicularly intersects the first axis at the 
projection center of the projection optical system (PL), and a fourth length-measuring 
axis (BI4Y) which perpendicularly intersects the first axis at the detection center of 
the mark detecting system (24a), the interferometer system measuring 
two-dimensional positions of the first and second substrate stages (WS 1 and WS2) 
respectively by using the length-measuring axes (BIIX to BI4Y). 

According to the projection exposure apparatus, the sensitive substrates are held 
on the first and second substrate stages respectively to be independently movable on 
the two-dimensional plane. The mark detecting system such as an alignment system, 
which are provided apart fi"om the projection optical system, are used to detect the 
reference mark on the substrate stage and/or the mark on the sensitive substrate held 
on the substrate stage. The two-dimensional positions of the first and second 
substrate stages are measured by using the first to fourth length-measuring axes of the 
interferometer system respectively. As for the length-measuring axes of the 
interferometer system, the first length-measuring axis and the second 
length-measuring axis are provided on one side and the other side of the first and 
second substrate stages respectively along the direction of the first axis passing 
through the projection center of the projection optical system and the detection center 
of the mark detecting system. The first length-measuring axis is used to measure the 
position of the first substrate stage in the direction of the first axis, and the second 
length-measuring axis is used to measure the position of the second substrate stage in 
the direction of the first axis. The third length-measuring axis is provided so that it 
perpendicularly intersects the first axis at the projection center of the projection 
optical system. The fourth length-measuring axis is provided so that it 
perpendicularly intersects the first axis at the detection center of the mark detecting 
system. Accordingly, the reference marks formed on the two substrate stages can be 
detected by using the mark detecting system. During the mark detection, the 
two-dimensional position of the first substrate stage is measured by using the 
interferometers having the first length-measuring axis and the fourth length-measuring 
axis which mutually intersect perpendicularly at the detection center of the mark 
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detecting system, and the two-dimensional position of the second substrate stage is 
measured by using the interferometers having the second length-measuring axis and 
the fourth length-measuring axis which mutually intersect perpendicularly at the 
detection center of the marie detecting system. Therefore, the position of any of the 
stages is accurately measured without any Abbe error. 

On the other hand, during the exposure for the mask pattern effected by the 
projection optical system, the two-dimensional position of the first substrate stage is 
measured by using the interferometers having the first length-measuring axis and the 
third length-measuring axis which mutually intersect perpendicularly at the projection 
center of the projection optical system, and the two-dimensional position of the 
second substrate stage is measured by using the interferometers having the second 
length-measuring axis and the third length-measuring axis which mutually intersect 
perpendicularly at the projection center. Therefore, the position of any of the stages 
is accurately measured without any Abbe error. Especially, the first 
length-measuring axis and the second length-measuring axis are arranged in the 
positional relationship as described above. Accordingly, the length-measuring axis 
is not intercepted during the period in which the first substrate stage and the second 
substrate stage are moved in the direction of the first axis. Therefore, the two 
substrate stages can be moved and reciprocated between the mark detecting system 
and the projection optical system on the basis of the measured values obtained by 
using the interferometers having these length-measuring axes. For example, the 
second substrate stage can be located under the projection optical system during the 
period in which the first substrate stage is disposed under the mark detecting system. 
Accordingly, it is possible to concurrently process the exposure operation eflFected by 
the projection optical system and the position-detecting operation effected by the 
mark detecting system for the marks on the respective substrate stages or the marks on 
the sensitive substrates in parallel to one another. As a result, it is possible to 
improve the throughput. 

The projection exposure apparatus further may be provided with a controller 
(90) for controlling the first substrate stage and the second substrate stage (WSl, 
WS2), so that a position of one stage of the fu'st substrate stage and the second 
substrate stage is managed based on the use of a measured value obtained by using the 
third length-measuring axis (BI3X) of the interferometer system, while exposing the 
sensitive substrate on the one stage, during which a positional relationship between an 
alignment mark on the sensitive substrate held on the other stage and a reference mark 
(MK) on the other stage is obtained based on the use of a detection result obtained by 
using the mark detecting system and a measured value obtained by using the fourth 
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length-measuring axis (BI4X) of the interferometer system, and after exposing the one 
sensitive substrate, a position of the other stage is measured by using the third 
length-measuring axis (BI3X), while a relative positional relationship between the 
reference mark on the other stage and a predetermined reference point within a 
projection area of the projection optical system is obtained. 

The controller controls the operations of the two substrate stages as follows. 
That is, for example, the position of the flrst substrate stage is managed based on the 
use of the measured value obtained by using the third length-measuring axis of the 
interferometer system. During the period in which the sensitive substrate held on the 
first substrate stage is exposed, the positional relationship between the alignment 
mark on the sensitive substrate held on the second substrate stage and the reference 
mark on the second substrate stage is detected by using the detection result obtained 
by the mark detecting system and the measured value by using the fourth 
length-measuring axis of the interferometer system. Further, the controller measures 
the position of the second substrate stage based on the use of the measured value 
obtained by using the third length-measuring axis, while controlling the second 
substrate stage so that it moves to a position at which a positional relationship 
between a reference mark on the second substrate stage and a predetermined reference 
point within a projection area of the projection optical system such as the projection 
center to obtain the positional relationship thereof. That is, the controller is capable 
of controlling the operations of the two stages as follows. The position of the first 
stage is managed without any Abbe error with respect to the sensitive substrate held 
on the first stage, based on the use of the measured value obtained by using the third 
length-measuring axis at the projection center of the projection optical system, while 
the image of the pattern of the mask is projected through the projection optical 
system, during which the positional relationship between the alignment mark on the 
sensitive substrate held on the second stage and the reference mark on the second 
stage is accurately detected without any Abbe error based on the use of the detection 
result obtained by using the mark detecting system and the measured value obtained 
by using the fourth length-measuring axis at the detection center of the mark detecting 
system. Accordingly, it is possible to concurrently perform the exposure operation 
effected on the first stage and the alignment operation effected on the second stage as 
described above. Thus, it is possible to improve the throughput. 

In addition, when the operations of the both stages are completed, the controller 
measures a position of the second substrate stage based on the use of the measured 
value obtained by using the third length-measuring axis, while moving the second 
substrate stage to the position at which the positional relationship between the 
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predetermined reference point within a projection area of the projection optical system 
and the reference mark on the second substrate stage is detectable so as to manage the 
position of the second substrate stage on the base of the reference mark. 
Accordingly, as for the second substrate stage for which the positional relationship 
between the reference mark on the second stage and the alignment mark on the 
sensitive substrate has been measured (the alignment has been completed), its position 
can be managed based on the use of the measured value obtained by using the third 
length-measuring axis without any inconvenience, even when the fourth 
length-measuring axis used during the measurement of the alignment mark falls into 
an immeasurable state. Therefore, it is possible to detect the positional relationship 
between the reference mark on the second substrate stage and the predetermined 
reference point within the projection area of the projection optical system. 
Moreover, it is possible to perform the exposure while executing the positional 
adjustment for the projection area of the projection optical system and the sensitive 
substrate on the basis of the positional relationship, the measurement result of the 
alignment, and the measured value obtained by using the third length-measuring axis. 
That is, the position of the second substrate stage can be managed during the exposure 
by using the another length-measuring axis, even when the measurement is impossible 
by using the length-measuring axis which has been used to manage the position of the 
second stage during the alignment. Further, it becomes unnecessary that the 
alignment operation of the first or the second substrate stages, the movement 
operation from the alignment position to the exposure position and the exposure 
operation are subsequently observed. Therefore, it is possible to miniaturize the 
reflective surface of the stage for reflecting the interferometer beam for each of the 
length-measuring axes. Thus, it is possible to miniaturize the substrate stage. 

In the projection exposure apparatus, the mark detecting system may be an 
alignment system. Also, it is desirable that the interferometer of the third 
length-measuring axes is reset when the other stage is moved to a position at which 
the relative positional relationship between the reference mark on the other stage and 
the predetermined reference point within the projection area of the projection optical 
system. By means of resetting the interferometer of the third length-measuring axes 
at this time, the reference mark position on the other stage on the basis of the 
reference point within the projection area of the projection optical system and the 
position of the alignment mark of the sensitive substrate on the other stage is managed 
more easily. 

The projection exposure apparatus further comprises another mark detecting 
system (24b) having a detection center on the first axis, disposed on a side opposite to 
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the mark detecting system (24a) with respect to the projection optical system (PL), 
wherein the interferometer system further provided with a fifth length-measuring axis 
(BI5Y) which perpendicularly intersects the first axis at a detection center of the 
another mark detecting system (24b); and the controller (90) may control the first and 
the second stage as follows. The controller manages the position of the one substrate 
stage based on the use of the measured value obtained by the third length-measuring 
axis (BI3 Y) of the interferometer system, while exposing the sensitive substrate held 
on the one stage during which the positional relationship between the alignment mark 
on the sensitive substrate held on the other stage and the reference mark on the other 
stage is obtained based on the use of the detection result obtained by using the mark 
detecting system and the measured value obtained by using the fourth 
length-measuring axis (BI4Y) of the interferometer system, and, after exposing the 
one stage, moving the one stage so that, the reference mark on the one stage is 
positioned within the another mark detecting system while the position of the one 
stage is measured based on the use of the measured value obtained by using the fifth 
length-measuring axis (BISY). 

The controller is capable of controlling the operations of the two stages as 
follows. That is, the position of the first substrate stage is managed without any 
Abbe error with respect to the sensitive substrate held on the first substrate stage, 
based on the use of the measured value obtained by using the third length-measuring 
axis which perpendicularly intersects the length-measuring axes (the first 
length-measuring axis and the second length-measuring axis) in the first axis direction 
at the projection center of the projection optical system, while the image of the pattern 
formed on the mask is subjected to exposure through the projection optical system, 
during which the positional relationship between the alignment mark on the sensitive 
substrate held on the second substrate stage and the reference mark on the second 
substrate stage is accurately detected without any Abbe error based on the use of the 
detection result obtained by using the mark detecting system and the measured value 
obtained by using the fourth length-measuring axis which perpendicularly intersects 
the length-measuring axes (the first length-measuring axis and the second 
length-measuring axis) in the first axis direction at the detection center of the mark 
detecting system. Accordingly, it is impossible to concurrently perform the exposure 
operation effected on the one substrate stage and the alignment operation effected on 
the second substrate stage as described above. 

Then, the controller controls the operation of the first substrate stage as follows. 
That is, when the above-mentioned operations of the both stages are completed, the 
position of the first substrate stage is measured by the measured value obtained by 
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using the fifth length-measuring axis, while obtaining the relative position between 
the detection center of another mark detecting system and the reference mark on the 
first substrate stage. Accordingly, as for the first substrate stage for which the 
exposure for the sensitive substrate has been completed, the position of the first 
substrate stage can be managed without any Abbe error, based on the use of the 
reference mark on the first substrate stage and the measured value obtained by using 
the fifth length-measuring axis. Further, there is no inconvenience, even when the 
third length-measuring axis used during the exposure falls into an immeasurable state. 
Therefore, the exposure operation effected on the first stage and the exposure 
operation effected on the second stage can be easily changed by sifting the two 
substrate stages in the first axis direction, thereby, the measurement of the position of 
the second substrate stage, for which the alignment operation has been completed, is 
enabled based on the use of the measured value obtained by the third 
length-measuring axis, and the measurement of the position of the first substrate 
stage, for which the exposure operation has been completed, is enabled based on the 
use of the measured value obtained by the fifth length-measuring axis. 

In this aspect, the projection exposure apparatus may further comprises a 
transport system (180 to 200) for receiving and transmitting the sensitive substrate 
(Wl, W2) between the first substrate stage (WSl) and the second substrate stage 
(WS2), and it is desirable that the controller controls the one stage so as to position 
the reference mark thereon within the detection area of the another mark detecting 
system (24b), and at the position, the substrate is received and transmitted between the 
one stage and the transport system (180 to 200). In this constitution, in addition to 
the change between the exposure operation and the alignment operation described 
above, the controller allows the substrate to be received and transmitted between the 
first substrate stage and the transport system in the state in which the reference mark 
on the one stage is positioned within the detection area of the another mark detecting 
system using the fifth length-measuring axis of the interferometer system. 
Accordingly, the measurement of the position of the reference mark as the operation 
to start the alignment and the change of the sensitive substrate can be performed in a 
stationary state of the substrate stage. In addition to the fact that the movement time 
required for the substrate stage to move from the wafer exchange position to the 
alignment start position is zero, it is possible to perform the operations concerning the 
time Tl, the time T2, and the time T3, for example on the side of the first substrate 
stage, while it is possible to perform the operation concerning the time T4 on the side 
of the second substrate stage. Therefore, it is possible to fiirther improve the 
throughput. 
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In the projection exposure apparatus of the invention, the predetermined 
reference point within the projection area of the projection optical system (PL) may be 
the projection center for the image of the pattern formed on the mask (R); and the 
projection exposure apparatus further may comprise a mark position-detector (142, 
144) for detecting a relative positional relationship between the projection center for 
the image of the pattern formed on the mask (R) and reference marks (MKl, MK2, 
MK3) on the stage, via the mask (R) and the projection optical system. The mark 
position-detector may be a detector detecting the marks through the projection optical 
system, such as a reticle alignment microscope. 

In the projection exposure apparatus, as for the mark detecting system, at least 
one or more mark detecting systems may be provided apart from the projection optical 
system. However, it is also preferable that the two mark detecting systems (24a, 
24b) are disposed on one side and the other side (each side) of the projection optical 
system (PL) in the direction of the first axis. When the mark detecting systems are 
arranged in the positional relationship as described above, then the sensitive substrate 
on the one substrate stage may be exposed by using the projection optical system 
located at the center (exposure operation), during which the sensitive substrate on the 
other substrate stage may be subjected to the mark detection by using any of the mark 
detecting systems (alignment operation). When the exposure operation is changed to 
the alignment operation, then the substrate stage for which the aligrmient operation 
has been completed can be moved to the position under the projection optical system 
and the other substrate stage can be moved to the position of the mark detecting 
system, only by deviating the two substrate stages in the direction of the first axis. 

In the projection exposure, it is also preferable that the projection exposure 
apparatus further comprises a controller (90) for independently controlling movement 
of the first and second substrate stages on the basis of a result of measurement 
performed by the interferometer system (for example, the length-measuring axes 
BIIX to BI4Y) so that each of the first and second substrate stages (WSl and WS2) is 
capable of performing an exposure operation effected by the projection optical system 
(PL) and a mark-detecting operation effected by the mark detecting system (for 
example, 24a). The controller independently controls the movement of the first and 
second substrate stages on the basis of the result of measurement performed by the 
interferometer system (for example, the length-measuring axes BIIX to BI4Y) so that 
each of the first and second substrate stages is capable of performing the exposure 
operation effected by the projection optical system (PL) and the mark-detecting 
operation effected by the mark detecting system (for example, 24a), and hence the 
exposure operation effected by the projection optical system and the mark-detecting 
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operation effected by the mark detecting system can be reliably performed for the 
sensitive substrate disposed on any of the substrate stages. 

In this arrangement, if the spacing distance between the length-measuring axes 
BIS Y and BI4Y is too large, the length-measuring axes BI3Y, BI4Y are deviated from 
the substrate stage when the first substrate stage and the second substrate stage are 
moved. On the other hand, if such a situation is avoided, the interference between 
the both stages might occur. Therefore, in order to present such inconveniences, it is 
desirable that the controller (90) changes the third length-measuring axis (BOY) and 
the fourth length-measuring axis (BI4Y) of the interferometer system (for example, 
the length-measuring axes BIIX to BI4Y) between detection of the mark effected by 
the mark detecting system (for example, 24a) and exposure effected by the projection 
optical system (PL) for the first and second substrate stages (WS 1 and WS2) 
respectively so that no inconvenience occurs even when the substrate stage is deviated 
from the length-measuring axis. In the constitution as described above, the spacing 
distance between the third length-measuring axis (BOY) and the fourth 
length-measuring axis (BI4Y) can be widened to avoid the interference between the 
both stages. Further, when the length-measuring axis BI3Y, BI4Y is deviated from 
the substrate stages during the movement of the first substrate stage and the second 
substrate stage, the controller can be used to change the length-measuring axis so that 
the two-dimensional position of each of the substrate stages is accurately measured at 
each of the processing positions by using the interferometer system. 

According to the tenth aspect of the present invention, there is provided a 
method for exposing sensitive substrates by projecting an image of a pattern on a 
mask (R) via a projection optical system onto the sensitive substrates, characterized 

by: 

using two substrate stages (WSl, WS2) each of which is movable independently 
on an identical plane while each holding a sensitive substrate (Wl, W2); 

measuring a position of one stage of the two stages by using a first 
interferometer, while exposing the sensitive substrate (Wl, W2) held on the one stage; 

measuring the position of the other stage by using a second interferometer 
during exposure for the substrate held on the one stage, while measuring a positional 
relationship between an alignment mark on the substrate held on the other stage and a 
reference mark on the other stage; 

moving the other stage to a position at which a positional relationship between 
the reference mark on the other stage and a predetermined reference point within a 
projection area of the projection optical system is obtained, after completion of the 
exposure for the substrate on the one stage; and 
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performing alignment for the sensitive substrate held on the otho* stage and the 
image of the pattern on the mask, by using the first interferometer, on the basis of the 
relationship between the alignment mark on the substrate held on the other stage and 
the reference mark on the other stage, and a relationship between the reference mark 
on the other stage and the predetermined reference point within the projection area of 
the projection optical system. 

According to the projection exposure method, for example, the exposure 
operation for the sensitive substrate held on the first substrate stage, and the 
measurement of the positional relationship (alignment operation) between the 
positional alignment mark of the sensitive substrate held on the second substrate stage 
and the reference mark on the stage are performed concurrently in parallel to one 
another. During this process, the position of the first substrate stage is managed by 
the aid of the first interferometer, and the position of the second stage is managed by 
the aid of the second interferometer. When the exposure operation effected on the 
side of the first substrate stage is completed, the position of the second stage is 
measurable by using the first interferometer which has been used to manage the 
position of the first substrate stage, and also, the second substrate stage is moved to 
the position at which the relative position between the predetermined reference point 
within the projection area of the projection optical system and the reference marie on 
the second substrate stage is detectable. Subsequently, the positional adjustment is 
performed for the sensitive substrate held on the second stage and the image of the 
pattern formed on the mask by using the first interferometer, on the basis of the 
positional relationship between the reference mark on the second stage and the 
positional alignment mark on the sensitive substrate held on the second stage 
measured previously. Thus, the sensitive substrate is exposed by projection with the 
image of the pattern formed on the mask. 

That is, the exposure operation for the sensitive substrate held on the one 
substrate stage, and the alignment operation for the sensitive substrate held on the 
second stage are concurrently performed in parallel to one another. After that, the 
first substrate stage is retracted to a predetermined substrate exchange position, 
concurrently with which the second substrate stage is moved toward the position on 
which the position of the reference mark of the second substrate stage is detectable 
with respect to the predetermined reference point (for example, the projection center 
of the image of the pattern formed on the mask) within the projection area of the 
projection optical system, and then the positional relationship between the both is 
detected. Further, the alignment is performed for the sensitive substrate held on the 
second substrate stage and the image of the pattern formed on the mask on the basis of 
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the obtained detection result and the positional relationship between the alignment 
mark and the reference mark on the stage previously measured during the alignment 
operation, while the position of the second stage is managed by using the first 
interferometer. 

Therefore, it is possible to improve the throughput by concurrently perform the 
exposure operation for the sensitive substrate on the first substrate stage and the 
alignment operation for the sensitive substrate on the second substrate stage. Even 
when the second interferometer, which has been used to manage the position of the 
other stage during the alignment, cannot be used for the measurement, the 
measurement based on the use of the first interferometer makes it possible to manage 
the position of the second substrate stage during the exposure. Thus, it becomes 
unnecessary that the stage position is observed continuously by means of one 
measuring axis or one interferometer through the alignment operation, the movement 
operation from the alignment position to the exposure position and exposure 
operation. Therefore, it is possible to miniaturize the reflective surface of the stage 
for reflecting the interferometer beam of each of the interferometers, and thereby it is 
possible to miniaturize the substrate stage. 

According to the eleventh aspect of the present invention, there is provided a 
projection exposure apparatus for exposing a sensitive substrate (Wl, W2) by 
projecting an image of a pattern formed on a mask (R) via a projection optical system 
(PL) onto the sensitive substrates, characterized by comprising: a first substrate stage 
(WSl) which is movable on a two-dimensional plane while holding a sensitive 
substrate (Wl); a second substrate stage (WS2) which is movable independently from 
the first substrate stage (WSl) on the same plane as that for the first substrate stage 
(WSl) while holding a sensitive substrate (WS2); a transport system (180 to 200) for 
delivering the sensitive substrate with respect to the first and second substrate stages 
( WS 1 , WS2); and a controller (90) for controlling operations of the both stages so that 
one stage of the first (WS 1) and second (WS2) substrate stages performs delivery of 
the sensitive substrate with respect to the transport system ( 1 80 to 200), during which 
the other stage performs an exposure operation. 

According to the projection exposure apparatus, the controller controls the 
operations of the both stages so that one stage of the first substrate stage and the 
second substrate stage performs the delivery of the sensitive substrate with respect to 
the transport system, during which the other stage performs the exposure operation. 
Therefore, the operation corresponding to the time Tl explained above can be 
processed concurrently with the operation corresponding to the time T4. Thus, it is 

37 



possible to improve the throughput as compared with the conventional sequential 
process which requires the time (T1+T2+T3+T4). 

It is sufficient for any of the projection exposure apparatus that the exposure is 
performed by using one sheet of mask. However, it is also preferable that the 
projection exposure apparatus further comprises a mask stage (RST) which is capable 
of simultaneously carrying a plurality of masks (R); and a driving system (30) for 
driving the mask stage (RST) so that any of the masks (R) is selectively set at an 
exposure position. According to this embodiment, for example, in order to improve 
the resolving power, even when the so-called double exposure method is used to 
change the two masks so that overlay exposure is performed under an exposure 
condition appropriate for each exposure area, then the double exposure can be 
performed in a continuous manner by using the two masks on the side of the one 
substrate stage, during which another operation such as alignment can be performed 
on the side of the other substrate stage concurrently therewith, only by allowing the 
two masks to be carried on the mask stage beforehand, and changing the masks and 
setting the mask stage at the exposure position by using the driving system. Thus, 
the low throughput, which would be otherwise resulted from the double exposure 
method, can be greatly improved. 

As compared with the stationary type projection exposure apparatus such as the 
stepper for exposing the sensitive substrate by projection with the pattern formed on 
the mask via the projection optical system in a state in which the mask and the 
sensitive substrate are allowed to stand still, any of the above-mentioned projection 
exposure apparatus is more effective when the projection exposure apparatus is 
constructed as a scanning type projection exposure apparatus in which the mask (R) is 
carried on the mask stage (RST) which is movable in a predetermined direction, 
wherein the projection exposure apparatus further comprises a stage controller (38) 
for exposing the sensitive substrate (WSl, WS2) by projection with the pattern 
formed on the mask, while synchronously moving the mask stage (RST) with respect 
to any one of the first and second substrate stages (WS 1 and WS2), because of the 
following reason. That is, it is possible to realize highly accurate exposure owing to 
the averaging effect on the image of the mask pattern in the projection area formed by 
the projection optical system, and it is possible to make exposure for a larger area by 
using the smaller projection optical system as compared with those used for the 
stationary type projection exposure apparatus. 

According to the twelfth aspect of the present invention, there is provided a 
projection exposure apparatus for exposing sensitive substrates (Wl, W2) by 
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projecting an image of a pattern formed on a mask (R) via a projection optical system 
(PL) onto the sensitive substrates, characterized by having: a first substrate stage 
(WSl) which is movable on a two-dimensional plane while holding a sensitive 
substrate (Wl); a second substrate stage (WS2) which is movable independently from 
the first substrate stage ( WS 1 ) on the same plane as that for the first substrate stage 
(WSl) while holding a sensitive substrate (W2); an interferometer system (for 
example, a length-measuring axes BIIX to BI4Y) for measuring two-dimensional 
positions of the first substrate stage and the second substrate stage (WSl, WS2) 
respectively; a storing device (91) which stores an interference condition for the 
interferometer system (for example, the length-measuring axes BIIX to BI4Y) to be 
used when the first substrate stage and the second substrate stage cause interference 
with each other; and a controller (90) for controlling movement of the both stages 
(WSl, WS2) to cause no interference with each other while monitoring a measured 
value obtained by the interferometer system (for example, the length-measuring axes 
BIIX to BI4Y) on the basis of the interference condition stored in the storing device 
(91). 

According to the projection exposure apparatus, the interferometer system is 
used to measure the two-dimensional positions of the first substrate stage and the 
second substrate stage which are independently movable on the two-dimensional 
plane while holding the sensitive substrates respectively, and the movement of the 
both stages is controlled by the controller to cause no interference while monitoring 
the measured value obtained by using the interferometer system, on the basis of the 
interference condition stored in the storing apparatus under which the first substrate 
stage and the second substrate stage cause interference with each other. Therefore, 
even when the two stages are independently moved to concurrently process the two 
operations in parallel to one another, it is possible to prevent the two stages from 
contact (interference). 

The projection exposure apparatus may fiirther comprises an alignment system 
provided apart from the projection optical system (PL), for detecting a reference mark 
on the substrate stage (WSl, WS2) or a mark on the sensitive substrate (Wl, W2) held 
on the substrate stage (WSl, WS2); and a transport system (180 to 200) for delivering 
the sensitive substrate (Wl, W2) with respect to the first substrate stage and the 
second substrate stage (WS 1, WS2). The controller (90) may control the two 
substrate stages (WSl, WS2) so that one stage of the substrate stages (WSl or WS2) 
performs at least one operation of a mark-detecting operation performed by the 
alignment system and a sensitive substrate (Wl, W2)-delivering operation with 
respect to the transport system (180 to 200), while a measured value obtained by using 
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the interferometer system (for example, length-measuring axes BIIX to BI4Y) is 
monitored, on the basis of the interference condition, during which the other stage 
(WS2 or WSl) is subjected to an exposure operation performed by using the 
projection optical system (PL), and when the controller (90) may control such that 
when the both stages (WSl, WS2) come to positions to cause interference with each 
other, the stage (WSl or WS2) of the both stages (WSl, WS2), which takes a longer 
time until completion of the operation, is preferentially moved until the both stages 
( WS I , WS2) are in a positional relationship of no interference, during which the stage 
(WS2 or WSl), which takes a shorter time until completion of the operation, is 
allowed to wait. 

According to this constitution, the controller controls the both substrate stages 
so that the one stage of the substrate stages performs at least one of the operations of 
the sensitive substrate-delivering operation and the mark-detecting operation, while 
monitoring the measured value obtained by using the interferometer system, on the 
basis of the interference condition, during which the other substrate stage is subjected 
to the exposure operation, while the controller performs control such that wiien the 
both stages come to the positions to cause interference with each other, the stage, 
which takes a longer time until completion of the operation concerning the both 
stages, is preferentially moved until the both stages are in the positional relationship 
of no interference, during which the stage, which takes a shorter time until completion 
of the operation, is allowed to wait. Therefore, even when a situation of interference 
occurs during the concurrent process for the two operations while independently 
moving the two stages, the interference of the two stages can be avoided without 
decreasing the throughput by comparing the time until completion of the operation for 
the both stages, preferentially moving the one stage, and allowing the other stage to 
wait. 

According to the thirteenth aspect of the present invention, there is provided a 
projection exposure apparatus for exposing sensitive substrates (Wl, W2) by 
projecting an image of a pattern formed on a mask (R) via a projection optical system 
(PL) onto the sensitive substrates, characterized by comprising: a first substrate stage 
(WSl), on which a reference mark is formed, moving on a two-dimensional plane 
while holding a sensitive substrate (Wl); a second substrate stage (WS2), on which a 
reference mark is formed, for moving independently from the first substrate stage 
(WSl) on the same plane as that for the first substrate stage (WSl) while holding a 
sensitive substrate (W2); an alignment system (for example, 24a) provided apart from 
the projection optical system (PL), for detecting the reference mark on the substrate 
stage (WS 1 or WS2) or a mark on the sensitive substrate (Wl or W2) held on the 
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substrate stage (WSl or WS2); and a controller (90) for controlling the two stages 
(WSl, WS2) so that a mark-detecting operation is performed by the alignment system 
(for example, 24a) for the sensitive substrate held on one stage (WSl or WS2) of the 
first substrate stage (WSl) and the second substrate stage (WS2), concurrently with 
which an exposure operation is performed for the sensitive substrate held on the other 
stage (WS2 or WSl), while an operation, which is included in the mark-detecting 
operation to be performed on the one stage ( WS 1 or WS2) and which affects the other 
stage (WS2 or WSl), is performed in synchronization with an operation which is 
included in the exposure operation to be performed on the other stage (WS2 or WSl) 
and which affects the one stage (WSl or WS2), and for controlling the operations of 
the two substrate stages (WSl, WS2) so that operations, which are included in the 
respective operations to be performed on the first substrate stage (WSl) and the 
second substrate stage (WS2) and which make no influence with each other, are 
performed in synchronization with each other. 

In the projection exposure apparatus, the controller controls the two stages so 
that the operation, which is included in the mark-detecting operation operated on the 
one stage and which affects the other stage (disturbance factor), is performed in 
synchronization with the operation which is included in the exposure operation 
operated on the other stage and which aflFects the one stage (disturbance factor). 
Accordingly, the operations, which make influence with each other, are synchronized. 
Therefore, no trouble occurs in the operations performed on the respective stages. 
Further, the controller controls so that the operations, which are included in the 
respective operations to be performed by the both stages and which make no influence 
with each other (non-disturbance factor), are performed in a synchronized manner. 
Therefore, no trouble occurs also in this case in the operations performed on the 
respective stages. Therefore, the position-detecting operation performed by the 
alignment system for the marks on the respective substrate stages or on the sensitive 
substrates can be concurrently processed in parallel to the exposure operation 
performed by the projection optical system. Consequently, it is possible to improve 
the throughput. Further, it is possible to concurrently process the two operations in 
an appropriate manner, because the operations performed on the two substrate stages 
make no influence with each other. 

In this aspect, various combinations may be conceived for the operations which 
make no influence with each other. However, it is preferable that the one stage 
(WSl or WS2) is stationarily rested to measure the mark on the one stage (WSl or 
WS2) or the marie on the sensitive substrate (Wl or W2) held on the one stage (WSl 
or WS2) during a period for exposing, by projection, the sensitive substrate (W2 or 
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Wl) held on the other substrate stage (WS2 or WSl) with the image of the pattern 
formed on the mask (R). These operations do not make any influence with each 
other. Accordingly, it is possible to concurrently process, without any trouble, the 
highly accurate mark-detecting operation and the exposure operation. 

On the other hand, various combinations may be conceived for the operations 
which make influence with each other. However, it is preferable that the one 
substrate stage (WSl or WS2) is moved for detecting the next mark in 
synchronization with movement of the other substrate stage (WS2 or WSl) for the 
next exposure. 

In this embodiment, it is preferable that the projection exposure apparatus 
further comprises a mask stage (RST) which is movable in a predetermined direction 
while carrying the mask (R), and a scanning system (for example, 38) for 
synchronously scanning the mask stage (RST) and the first substrate stage (WSl) or 
the second substrate stage (WS2) with respect to the projection optical system (PL), 
wherein the controller (90) stationarily rests the one stage (WSl or WS2) to measure 
the mark on the one stage (WSl or WS2) or the mark on the sensitive substrate (Wl 
or W2) held on the one stage ( WS 1 or WS2) during movement of the other substrate 
stage (WS2 or WSl) at a constant velocity in synchronization with the mask stage 
(RST). Accordingly, the scanning system is operated to move the mask stage and 
the other substrate stage at the constant velocity in a synchronized manner during the 
exposure. Therefore, the one stage is not affected thereby, for which the 
measurement of the mark is performed. The mark is measured in a stationary state 
which does not affect the other stage during the exposure, on the one stage for which 
the mark measurement is performed, during the movement of the other stage at the 
constant velocity (during the exposure). Accordingly, even during the process of the 
scanning exposure, the exposure operation and the mark-detecting operation can be 
concurrently dealt with in parallel to one another without any trouble by using the two 
stages. 

In this embodiment, it is more desirable that the projection exposure apparatus 
further comprises a transport system (180 to 200) for delivering the sensitive substrate 
( W 1 or W2) with respect to the first substrate stage and the second substrate stage 
(WS 1, WS2) respectively, wherein the controller (90) controls operations of the two 
substrate stages (WSl, WS2) so that the one substrate stage (WSl or WS2) performs 
at least one of the mark-detecting operation and a sensitive substrate (Wl or 
W2)-delivering operation with respect to the transport system (180 to 200), 
concurrently with which the exposure operation is performed for the sensitive 
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substrate (WS2 or WSl) held on the other stage, while an operation, which is included 
in the delivering operation and the mark-detecting operation to be performed on the 
one substrate stage (WSl or WS2) and which affects the other stage (WS2 or WSl), is 
performed in synchronization with the operation which is included in the exposure 
operation to be performed on the other stage (WS2 or WSl) and which affects the one 
stage (WSl or WS2), and the controller (90) controls the operations of the two 
substrate stages (WS 1 , WS2) so that the operations, which are included in the 
respective operations to be performed on the first substrate stage and the second 
substrate stage (WSl, WS2) and which make no influence with each other, are 
performed in synchronization with each other. According to this embodiment, the 
operations corresponding to the time Tl, the time T2, and the time T3 explained 
above can be performed on the side of the one stage, while the operation 
corresponding to the time T4 can be performed on the side of the other stage. 
Therefore, the throughput is further improved, and it is possible to concurrently 
process the operations on the two stages respectively without any trouble. 

In the projection exposure apparatus, the alignment system may be provided 
separately from the projection optical system. However, when the apparatus 
comprises, for example, two alignment systems separately from the projection optical 
system, it is preferable that the alignment systems (24a, 24b) are arranged on both 
sides of the projection optical system (PL) in a predetermined direction; and the 
controller (90) changes the operations of the both stages (WSl, WS2) when the 
operations of the both of the first substrate stage and the second substrate stage (WSl, 
WS2) are completed. In the case of the above constitution, the projection optical 
system disposed at the central position is used to expose the sensitive substrate held 
on the one substrate stage (exposure operation), while the one alignment system is 
used to detect the mark for the sensitive substrate held on the other substrate stage 
(alignment operation). When the exposure operation is changed to the alignment 
operation, only the movement of the two substrate stages toward the other alignment 
system along the predetermined direction makes it possible to move the one substrate 
stage having been located under the projection optical system to the position for the 
other alignment system, and move the other substrate stage having been located at the 
position for the one alignment system to the position under the projection optical 
system with ease. Thus, the two alignment systems can be alternately used as 
described above without any trouble. 

According to the fourteenth aspect of the present invention, there is provided a 
projection exposure method for exposing sensitive substrates (Wl, W2) by projecting 
an image of a pattern formed on a mask (R) via a projection optical system (PL) onto 
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the sensitive substrates, characterized by comprising: preparing two substrate stages, 
each of which moves independently on a two-dimensional plane while holding a 
sensitive substrate (Wl, W2), each stage having a reference mark formed thereon; and 
exposing, by projection, the sensitive substrate (Wl or W2) held on one of the stages 
(WSl or WS2) with the image of the pattern formed on the mask, while stationarily 
resting the other stage ( WS2 or WS 1 ) to detect the reference mark on the other stage 
(WS2 or WSl) or a mark on the sensitive substrate (Wl or W2) held on the other 
stage (WS2 or WSl). 

According to the projection exposure apparatus, the other stage is stationarily 
rested during the projection exposure with the image of the pattern formed on the 
mask for the sensitive substrate held on the one stage of the two substrate stages to 
detect the reference mark on the other stage or the alignment mark on the sensitive 
substrate held on the other stage. Therefore, the two stages are used such that the 
projection exposure operation is performed on the one stage, during which the 
mark-detecting operation is performed on the other stage in the stationary state. 
Therefore, the highly accurate exposure operation and the mark-detecting operation 
are concurrently dealt with in parallel to one another without being affected by the 
operation performed on the one stage or the other stage with each other. Thus, it is 
possible to improve the throughput. 

According to the fifteenth aspect of the present invention, there is provided a 
projection exposure method for exposing sensitive substrates (Wl, W2) by projecting 
an image of a pattern formed on a mask (R) via a projection optical system (PL) onto 
the sensitive substrates, characterized by comprising: preparing two substrate stages, 
each of which moves independently on a two-dimensional plane while holding a 
sensitive substrate (Wl, W2), each stage having a reference mark formed thereon; and 
successively exposing, by projection, a plurality of portions on the sensitive substrate 
(Wl, W2) held on one stage (WSl or WS2) of the two substrate stages (WSl, WS2) 
with the image of the pattern formed on the mask (R), and successively detecting a 
plurality of marks on the sensitive substrate (Wl, W2) held on the other stage (WS2 
or WSl) concurrently therewith, while determining an order of the detection of the 
marks on the sensitive substrate (Wl, W2) held on the other stage (WS2 or WSl) so 
that the two substrate stages (WSl, WS2) cause no interference with each other. 

According to the present invention, the projection exposure is successively 
performed with the image of the pattern formed on the mask for the plurality of 
portions on the sensitive substrate held on the one stage of the two substrate stages 
which are independently movable on the two dimensional plane while holding the 



44 



sensitive substrates respectively, concurrently with which the plurality of marks on the 
sensitive substrate held on the other stage are successively detected. During this 
process, the order of the detection of the marks on the sensitive substrate held on the 
other stage is determined so that the two substrate stages cause no interference with 
each other. Therefore, the order of the detection of the marks is determined in 
conformity with the movement of the stage which is subjected to the successive 
projection exposure process. Accordingly, the two stages are prevented from 
interference with each other, and the throughput can be improved by concurrently 
processing the operations. 

According to the sixteenth aspect of the present invention, there is provided a 
scanning type projection exposure apparatus for exposing a sensitive substrate (W) 
with an image of a pattern formed on a mask (R) by moving the sensitive substrate 
(W) in a scanning direction with respect to an exposure area (IF) which is conjugate to 
an illumination area (LA) illuminated with an illumination light beam (EL), in 
synchronization with movement of the mask (R) in the scanning direction with respect 
to the illumination area (LA), the projection exposure apparatus comprising: a 
substrate stage (WS) which is movable on a two-dimensional plane while holding the 
sensitive substrate (W); a position-detecting system (151, 161) including detecting 
areas having a width, in a non-scanning direction perpendicular to a scanning 
direction, which is wider than that of an exposure area (DP), on one side and the other 
side in the scanning direction with respect to the exposure area (IF), for detecting a 
relative position of a surface of the sensitive substrate (W) with respect to a 
predetermined reference plane at least at one of a plurality of detecting points (for 
example, FAl to FA9) set in the respective detecting areas along the non-scanning 
direction; a substrate-driving system (LS) provided on the substrate stage (WS), 
which adjusts a surface position of the sensitive substrate (W) held on the stage (WS); 
and a controller (90) which controls the substrate-driving system (LS) on the basis of 
detection result obtained by using the position-detecting system (151, 161), upon 
exposure for the sensitive substrate (W) held on the substrate stage (WS). 

According to the projection exposure apparatus, the position-detecting system is 
arranged on each side in the scanning direction with respect to the exposure area, in 
the non-scanning direction perpendicular to the scanning direction respectively, 
having the detecting area with the width in the non-scanning direction wider than the 
exposure area. The relative position of the surface of the sensitive substrate with 
respect to the predetermined reference plane is detected at least at one of the plurality 
of detecting points set in the respective detecting areas along the non-scanning 
direction. The controller controls the substrate-driving system on the basis of the 
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detection results obtained by using the position-detecting systems, upon exposure for 
the sensitive substrate held on the substrate stage. Accordingly, for example, unlike 
the conventional pre-measurement sensor merely including the detecting area having 
the same width as the exposure area in which it has been difficult to perform 
pre-measurement control in the area in the vicinity of the outer circumference of the 
sensitive substrate when the scanning is performed from the outside to the inside of 
the sensitive substrate, it is possible to detect the relative position of the surface of the 
adjacent portion of the sensitive substrate with respect to the predetermined reference 
plane, owing to the detecting points of the part of the detecting area protruding to the 
outside of the exposure area even in such a case. It is possible to adjust the surface 
position of the sensitive substrate by controlling the substrate-driving system on the 
basis of the detection data. Therefore, it is possible to avoid decrease in throughput 
which would be otherwise caused by the change in scanning direction for the sensitive 
substrate. It is possible to drive the focus control by utilizing the detection data. 

Alternatively, during the exposure for a certain shot area existing at the outer 
circumference portion of the substrate, the information on the surface position of a 
shot area adjacent thereto is detected by using the detecting points at the portions of 
the detecting area disposed on one side and the other side in the scanning direction 
protruding over the outside of the exposure area, and an obtained result is stored. By 
doing so, when the adjacent shot area is exposed, even if the adjacent shot is a shot 
area for which it is difficult to perform pre-measurement control by using the 
conventional pre-measurement sensor described above, it is possible to quickly drive 
the focus on the basis of the stored information on the surface position. 

In this aspect, it is preferable that the controller (90) controls the 
substrate-driving system (LS) on the basis of at least one detection result for the 
plurality of detecting points (for example, FAl to FA9) in the detecting area set on a 
front side of the exposure area in relation to the scanning direction for the sensitive 
substrate, of the detection results obtained by using the position-detecting systems. 
That is, the position-detecting system may be used as only a pre-measurement sensor. 

Alternatively, various opportunities can be considered as timings to start control 
of the substrate-driving system in order to adjust the surface position of the sensitive 
substrate. However, it is preferable that when shot areas (212) in the vicinity of 
outer circumference of the sensitive substrate (W) are subjected scanning exposure 
from the outside to the inside of the sensitive substrate (W), the controller (90) starts 
control for the subslrate-driving system (LS) for adjusting the surface position of the 
sensitive substrate (W) on the basis of a detection result for a detecting point (FAl to 
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FA9) which overlaps the sensitive substrate (W), from a point of time at which at least 
one of the plurality of detecting points (for example, FAl to FA9) overlaps an 
effective area on the sensitive substrate (W), because of the following reason. That 
is, it is possible to quickly move the surface into a desired position (focus onto the 
surface) by starting the control of the substrate-driving system from the state in which 
at least one of the detecting points overlaps the effective area. 

Alternatively, when one detecting point overlaps the shot area, the surface 
position (including the inclination) of the sensitive substrate is adjusted as follows by 
the aid of the substrate-driving system. That is, it is preferable that when shot areas 
(212) in the vicinity of outer circumference of the sensitive substrate (W) are 
subjected scanning exposure, if only one detecting point (for example, FAS to FA7) 
overlaps the shot area (212), then the controller (90) adjusts an inclination of the 
sensitive substrate (W) by the aid of the substrate-driving system (LS) on the basis of 
a predetermined fixed value. The predetermined fixed value is exemplified by an 
inclination of zero. In this case, the surface of the sensitive substrate is set on a 
horizontal plane including the surface position in the direction perpendicular to the 
reference plane detected by using the detecting points. Therefore, even when only 
one detecting point is used, it is possible to perform the leveling control in addition to 
the focus control. 

Alternatively, it is preferable that when shot areas (212) in the vicinity of outer 
circumference of the sensitive substrate (W) are subjected scanning exposure, if only 
one detecting point (for example, FA3 to FA7) overlaps the shot area (212), then the 
controller (90) adjusts an inclination of the sensitive substrate (W) by the aid of the 
substrate-driving system (LS) on the basis of a detection result for the only one 
detecting point and a detection result for another detecting point (for example, FAl, 
FA2, FAS, FA9) which overlaps a shot area adjacent to the shot area (212) overlapped 
by the one detecting point. As described above, even when one detecting point in 
the exposure shot area is used, it is possible to perform the focus/leveling control with 
relative accuracy, by using the detection result for the adjacent shot area and the 
detection result for the one point. Further, it may be previously determined that a 
detection result of what detecting point included in the plurality of detecting points 
(for example, FAl to FA9) is used for each of the plurality of shot areas (212) on the 
sensitive substrate (W), and when a certain shot area (212) on the sensitive substrate 
(W) is subjected to scanning exposure, the controller (90) adjusts the surface position 
of the sensitive substrate (W) by the aid of the substrate-driving system (LS) by using 
only the detection result for the detecting point determined for the shot area (212). 
As described above, the detecting point, which is suitable to detect the surface 
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position corresponding to each of the shot areas, is previously determined, and thus it 
is possible to adjust the surface position (perform the focus/leveling control) with 
good efficiency and with less error. 

It is desirable that the effective area on the sensitive substrate is disposed inside 
a prohibition zone (pattern prohibition zone) defined over an entire surface of the 
sensitive substrate (W) or at a circumferential edge portion of the sensitive substrate 
(W). In this embodiment, from the point of time at which at least one of the 
detecting points overlaps the inside of the sensitive substrate or the prohibition zone 
defined at the circumferential edge portion of the sensitive substrate, the control of the 
substrate-driving system is started in order to adjust the surface position of the 
sensitive substrate. Especially, the use of the inside of the prohibition zone defined 
at the circumferential edge portion of the sensitive substrate makes it difficult to be 
affected by dust and camber existing in the vicinity of the outer circumference of the 
sensitive substrate. Therefore, it is possible to detect the surface position of the 
sensitive substrate more accurately. 

Various judgment standards are conceived to make judgment whether or not the 
area is the effective area. However, it is preferable that the controller (90) judges 
whether or not any detecting point (FAl to FA9) for the position-detecting system 
(151, 161) overlaps the effective area on the sensitive substrate (W), on the basis of 
positional information on outer circumference of the sensitive substrate (W), 
positional information on the respective detecting points (for example, FAl to FA9) 
for the position-detecting system (151, 161), and ]X>sitional information on the shot 
area (212) to be subjected to exposure. Accordingly, it is possible to accurately 
judge whether or not any of the detecting points for the position-detecting system 
overlaps the effective area on the sensitive substrate. Thus, it is possible to 
accurately start the control of the adjustment of the surface position of the sensitive 
substrate effected by the substrate-driving system. 

As another judgment standard to make judgment whether or not the area is the 
effective area, for example, it is preferable that the controller (90) judges whether or 
not any of the detecting points (FAl to FA9) for the position-detecting system (151, 
161) overlaps the effective area on the sensitive substrate (W) by comparing a 
predetermined allowable value with the detection results for the plurality of detecting 
points (for example, FAl to FA9) for the position-detecting system (151,161). In 
this embodiment, the effective area is judged in accordance with whether or not the 
detection value is included in the range of the predetermined allowable value. Even 
in the case of those included in the effective range, if any error factor exists due to any 
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influence of dust or camber of the sensitive substrate, such a factor can be removed 
provided that it is excluded from the range of the allowable value. Therefore, this 
embodiment is advantageous in that an unexpected situation can be dealt v^ith. 

As for the timing to start adjustment for the inclination of the sensitive substrate 
by the aid of the substrate-driving system by using the control system, for example, 
the following procedure is available. That is, it is preferable that when the shot area 
(212) in the vicinity of the outer circumference of the sensitive substrate (W) is 
subjected scanning exposure, the controller (90) starts, from a point of time at which a 
plurality of detecting points (for example, FAl to FA9) overlap the shot area (212), 
adjustment for the inclination of the sensitive substrate (W) on the basis of only the 
detection results for the detecting points (FAl to FA9) which overlap the shot area 
(2 1 2), by the aid of the substrate-driving system (LS). Accordingly, when the 
plurality of detecting points overlap the shot area, the inclination of the surface of the 
shot area can be known. Thus, it is possible to perform the leveling control 
accurately. 

Various judgment standards are conceived to judge whether or not any detecting 
point for the position-detecting system overlaps any shot area. However, it is 
preferable that the controller (90) judges whether or not any detecting point for the 
position-detecting system (ISl, 161) overlaps the shot area (212), on the basis of 
positional information on outer circumference of the sensitive substrate (W), 
positional information on the respective detecting points (for example, FAl to FA9) 
for the position-detecting system (151, 161), and positional information on the shot 
area (212) to be subjected to exposure. Accordingly, it is possible to accurately 
judge whether or not any of the detecting points for the position-detecting system 
overlaps any shot area on the sensitive substrate. Thus, in the inventions, it is 
possible to accurately judge the number of detecting points overlapping the shot area. 
Alternatively, it is preferable that when the shot area (212) in the vicinity of the outer 
circumference of the sensitive substrate (W) is subjected to scanning exposure, if only 
one detecting point (for example, FAl to FA9) overlaps the shot area (2 12), then the 
controller (90) starts adjustment for the inclination of the sensitive substrate (W) by 
the aid of the substrate-driving system (LS) on the basis of detection results for a 
predetermined number of detecting points (FAl to FA9) including the only one 
detecting point (one point included in FA 1 to FA9) and at least one detecting point 
(adjoining point included in FAl to FA9) adjacent thereto, and then the detecting point 
(FAl to FA9) to be used for the adjustment for the inclination is successively shifted 
toward the inside of the shot area (212). Even when only one detecting point 
overlaps the shot area, the adjustment for the inclination of the sensitive substrate is 
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started on the basis of the detection results for the detecting points including at least 
one detecting point adjacent to the one detecting point, and the detecting point to be 
used for the inclination adjustment is successively shifted toward the inside of the shot 
area, in accordance with the increase in the number of detecting points disposed at the 
inside of the shot area. Thus, it is possible to perform the adjustment for the 
inclination more accurately. 

According to the seventeenth aspect of the present invention, there is provided a 
scanning exposure method for exposing a sensitive substrate (W) with an image of a 
pattern formed on a mask (R) by moving the sensitive substrate (W) in a scanning 
direction with respect to an exposure area (IF) which is conjugate to an illumination 
area (lA) illuminated with an illumination light beam (EL), in synchronization with 
movement of the mask (R) in the scanning direction with respect to the illumination 
area (lA), the scanning exposure method comprising the steps of: projecting a 
plurality of slit images onto a surface of the sensitive substrate (W) in a direction 
inclined by a predetermined angle so that the plurality of slit images are arranged 
along a non-scanning direction in detecting areas (ABE, AFE) having a width in the 
non-scanning direction perpendicular to the scanning direction wider than that of an 
exposure area (IF) and disposed on one side and the other side in the scanning 
direction with respect to the exposure area (EF), during scanning exposure for the 
sensitive substrate (W); receiving reflected light beams of the respective slit images 
coming from the sensitive substrate (W) to calculate, on the basis of photoelectrically 
converted signals thereof, relative positions on the surface of the sensitive substrate 
(W) with respect to a predetermined reference plane at respective detecting points (for 
example, AFl to AF9) onto which the slit images are projected respectively; and 
adjusting a surface position of the sensitive substrate (W) in the exposure area (IF) on 
the basis of a result of the calculation. 

According to the scanning exposure method, the plurality of slit images are 
projected onto the surface of the sensitive substrate in the direction inclined by the 
predetermined angle so that the plurality of slit images are arranged along the 
non-scanning direction in the detecting areas having a width, in the non-scanning 
direction perpendicular to the scanning direction, wider than that of the exposure area, 
and disposed on one side and the other side in the scanning direction with respect to 
the exposure area, during scanning exposure for the sensitive substrate. The 
reflected light beams of the respective slit images coming from the sensitive substrate 
are received to obtain the photoelectrically converted signals on the basis of which the 
relative positions of the surface of the sensitive substrate with respect to the 
predetermined reference plane are calculated respectively at the respective detecting 
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points onto which the slit images are projected. Further, the surface position of the 
sensitive substrate in the exposure area is adjusted on the basis of the result of the 
calculation. Accordingly, for example, when the scarming is performed from the 
outside to the inside of the sensitive substrate upon exposure for the area in the 
vicinity of the outer circumference of the sensitive substrate, it is possible to calculate 
the relative position of the surface of the sensitive substrate with respect to the 
predetermined reference plane at the detecting point on the basis of the 
photoelectrical ly converted signal of the reflected light beam of the slit image at the 
detecting point protruding over the outside of the exposure area. As a result, it is 
possible to calculate the relative position of the surface of the sensitive substrate at the 
adjacent portion with respect to the predetermined reference plane by using the 
detecting point protruding over the outside of the exposure area. It is possible to 
adjust the surface position of the sensitive substrate on the basis of the result of the 
calculation. Therefore, it is possible to avoid the decrease in throughput which 
would by otherwise caused by the change in scanning direction for the sensitive 
substrate, and it is possible to perform the focus control more accurately by utilizing 
the calculated data. 

According to the eighteenth aspect of the present invention, there is provided a 
projection exposure method for exposing a plurality of shot areas (210) on a sensitive 
substrate (Wl or W2) respectively with an image of a pattern formed on a mask (R) 
via a projection optical system (PL) by moving the sensitive substrate (Wl or W2) in 
a scanning direction with respect to an exposure area (IF) which is conjugate to an 
illumination area (lA) illuminated with an illumination light beam (EL), in 
synchronization with movement of the mask (R) in the scanning direction with respect 
to the illumination area (lA), the projection exposure method characterized by 
comprising the steps of: selecting some of the plurality of shot areas (210) as sample 
shot areas so as to include shot areas (210) in the vicinity of outer circumference 
which are set to be subjected to scanning from the outside to the inside of the sensitive 
substrate (Wl or W2) with respect to the exposure area (IF); measuring coordinate 
positions of the sample shot areas respectively; detecting a relative position of the 
sensitive substrate (Wl or W2) with respect to a predetermined reference plane for 
each of the sample shot areas when the coordinate positions of the sample shot areas 
are measured; determining an arrangement of the plurality of shot areas (210) on the 
sensitive substrate (Wl or W2) on the basis of the measured coordinate positions of 
the sample shot areas; and performing positional adjustment of the respective shot 
areas with respect to the image of the pattern on the mask (R) on the basis of the 
determined arrangement of the shot areas (210) while adjusting a surface position of 
the sensitive substrate (Wl or W2) on the basis of the relative position detected by 
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measuring the coordinate positions, when exposure are performed for the respective 
shot areas (210) in the vicinity of the outer circumference which are set to be 
subjected to scanning from the outside to the inside of the sensitive substrate (Wl or 
W2) with respect to the exposure area (IF). 

According to the projection exposure apparatus, some of the plurality of shot 
areas are selected as the sample shot areas so as to include the shot areas in the 
vicinity of the outer circumference which are set to be subjected to scanning from the 
outside to the inside of the sensitive substrate with respect to the exposure area, of the 
plurality of shot areas on the sensitive substrate. The coordinate positions of the 
some of sample shot areas are measured respectively. The relative position of the 
sensitive substrate with respect to the predetermined reference plane for each of the 
some of sample shot areas is detected when the coordinate positions of the some of 
sample shot areas are measured. After that, the arrangement of the plurality of shot 
areas on the sensitive substrate is determined on the basis of the measured coordinate 
positions of the sample shot areas. 

The positional adjustment with respect to the image of the pattern on the mask is 
performed for the shot area on the basis of the determined arrangement of the shot 
areas as described above when exposure is performed for the respective shot areas in 
the vicinity of the outer circumference which are set to be subjected to scanning from 
the outside to the inside of the sensitive substrate with respect to the exposure area, 
and the surface position of the sensitive substrate is adjusted on the basis of the 
detected relative position by measuring the coordinate positions. 

Accordingly, even in the case of exposure for the respective shot areas in the 
vicinity of the outer circumference which are set to be subjected to scanning from the 
outside to the inside of the sensitive substrate with respect to the exposure area, it is 
possible to adjust the surface position of the sensitive substrate on the basis of the 
relative position detected when the coordinate position is measured. Therefore, it is 
possible to avoid an inconvenience that the scanning direction is changed from the 
inside to the outside upon exposure for such shot areas, and the throughput is 
sacrificed. 

In this aspect, it is not necessarily indispensable that the sensitive substrate is 
moved in the same direction as that during the exposure to detect the relative position 
of the sensitive substrate with respect to the predetermined reference plane, when the 
coordinate position of the sample shot area in the vicinity of the outer circumference 
is measured. However, it is desirable that the relative position of the sensitive 



52 



substrate (Wl or W2) with respect to the predetermined reference plane is detected 
while moving the sensitive substrate (Wl or W2) in the same direction as that used 
during exposure upon the measurement of the coordinate positions of the shot areas 
(210) in the vicinity of the outer circumference which are set to be subjected to 
scanning from the outside to the inside of the sensitive substrate (Wl or W2) with 
respect to the exposure area (IF), of the sample shot areas, because of the following 
reason. That is, by doing so, it is possible to perform focus control in which, for 
example, the offset, which depends on the movement direction of the sensitive 
substrate (Wl or W2), is removed. 

The exposure apparatus, the projection exposure apparatus and the exposure 
method of those aspects described above are extremely effective for the step and scan 
type projection exposure, especially suitable for performing the double exposure in 
which high resolution is required in exposure. 

Brief Description of the Drawings 

FIQ 1 shows a schematic arrangement of the projection exposure apparatus 
according to the first embodiment of the present invention. 

FIG 2 is a perspective view illustrating the positional relationship among the 
two wafer stages, the reticle stage, the projection optical system, and the alignment 
systems, showing that the wafer stage WSl exists in a position information measuring 
section and the wafer stage WS2 exists in an exposure section. 

FIG 3 shows a plan view illustrating the arrangement of the driving mechanism 
for the wafer stages. 

FIG 4 shows the AF/AL systems provided for the projection optical system and 
the aligrunent systems respectively. 

FIG 5 shows a schematic arrangement of the projection exposure apparatus 
illustrating the layout of the AF/AL system and the TTR alignment system. 

FIG 6 shows the shape of the pattern formation plate shown in FIG 5. 

FIG 7 shows a plan view illustrating the state in which the wafer 
exchange/alignment sequence and the exposure sequence are executed by using the 
two wafer stages. 

FIG 8 shows the state obtained after the change between the wafer 
exchange/alignment sequence and the exposure sequence shown in FIG 7. 

FIG 9 shows the reticle stage for the double exposure for holding the two 
reticles. 

FIG lOA shows the state in which the wafer is exposed by using the reticle 
having the pattern A shown in FIG 9, and FIG lOB shows the state in which the wafer 
is exposed by using the reticle having the pattern B shown in FIG 9. 
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FIG 1 1 shows the order of exposure for each of the respective shot areas on the 
wafer held on one of the two wafer stages. 

FIG 12 shows the order of mark detection for each of the respective shot areas 
on the wafer held on the other of the two wafer stages. 

FIG 13 shows a plan view of the wafer illustrating the order of exposure for the 
scanning type projection exposure apparatus, used when all shot arrays are included in 
the wafer. 

FIG 14A shows a magnified plan view concerning the AF measurement for 
pre-measurement performed at the position A shown in FIG 13. 

FIG 14B shows a magnified plan view concerning the AF measurement for 
pre-measurement performed at the position B shown in FIG 13. 

FIG 14C shows a magnified plan view concerning the AF measurement for 
pre-measurement performed at the position C shown in FIG. 13. 

FIG 15 shows a diagram illustrating the result of pre-measurement control 
concerning Comparative Example, performed for the shot area located in the vicinity 
of the outer circumference of the wafer. 

FIG 16 shows a plan view of the wafer illustrating the order of alignment for 
the scanning type projection exposure apparatus, used when all shot arrays are 
included in the wafer. 

FIG 17 shows a diagram illustrating the result of pre-measurement control, 
obtained in the first embodiment. 

FIG 18 shows a diagram illustrating the result of pre-measurement control, 
obtained when the reproducibility in measurement involves an error in the first 
embodiment. 

FIG 19A illustrates the operation for detecting the reference mark on the 
fiducial mark plate based on the use of the alignment system, which shows a situation 
in which the reference mark MK2 on the fiducial mark plate FMl is positioned just 
under the alignment system 24a. 

FIG 193 shows an example of the shape of the reference mark MK2 and a 
situation of image pick-up for detecting the same by using the sensor of the FIA 
system of the alignment system 24a. 

FIG 19C shows a waveform signal obtained by the image processing system 
when the image of the mark MK2 is picked up by using the sensor of the FIA system. 

FIG 20A explains the operation for measuring the mark on the fiducial mark 
plate based on the use of the reticle alignment microscope, wherein a situation in 
which the reticle alignment microscope is used with the exposure light beam to detect 
the relative positions of the marks MKl, MK3 on the fiducial mark plate FMl and the 
projected images on the wafer surface, of the marks RMKl, RMK3 on the reticle 
corresponding thereto. 
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FIG 20B shows the projected image on the wafer, of the mark RMK on the 
reticle R. 

FIG 20C shows the mark MK on the fiducial mark plate. 
FIG 20D shows a situation of image pick-up performed in the system shown in 
FIG 20A. 

FIG 20E shows the waveform signal obtained by processing the picked up 
image. 

FIG 2 1 shows the concept of a state in which each shot on the wafer is 
subjected to exposure in accordance with the relative positional relationship between 
each shot and the exposure position finally calculated. 

FIG 22 explains the operation of the second embodiment, illustrating a situation 
in which the interferometer having the length-measuring axis BI3Y is reset after 
completion of the alignment for the wafer Wl on the wafer stage WSl . 

FIG 23 explains the operation of the second embodiment, illustrating a situation 
in which the wafer stage WSI is moved to the loading position, and the operation of 
the exposure sequence is performed on the side of the wafer stage WS2. 

FIG 24 shows a flow chart illustrating the timing control operation which is 
performed when the disturbance factor operation and the non-disturbance factor 
operation are performed on the two wafer stages. 

FIG 25A shows a plan view of the stages illustrating the non-interference 
condition which is used when the two wafer stages are moved and controlled 
independently from each other. 

FIG 25B shows a plan view of the stages illustrating the interference condition 
which is used when the two wafer stages are moved and controlled independently 
from each other. 

FIG 26 shows a flow chart illustrating the movement control operation of the 
two stages, which is used when the interference condition is satisfied or when the 
interference condition is not satisfied. 

FIG. 27A shows a plan view of the wafer illustrating the sample shots for which 
the alignment is performed. 

FIG 273 shows a plan view of the wafer illustrating the shot areas SA for which 
the exposure is performed. 

FIG 28A shows a plan view of the wafer illustrating the order of shots used 
when the alignment sequence is performed. 

FIG 28B shows a plan view of the wafer illustrating the order of exposure used 
when the exposure sequence is performed. 

FIG 29 shows a schematic arrangement of the projection exposure apparatus 
according to the second embodiment. 
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FIG 30 shows a perspective view illustrating the arrangement of the AF 
detecting points for pre-measurement with respect to the exposure area. 

FIG 3 1 shows a side view of FIG 30 as viewed in the scanning direction. 
FIG 32 shows a plan view of FIG 31. 

FIG 33 shows a side view of FIG 32 as viewed in the non-scanning direction. 

FIG 34 shows a plan view illustrating the pre-measurement control method 
based on the use of the AF/AL system according to the second embodiment. 

FIG 35 shows the positional relationship between the exposure area IF and the 
AF detecting points during the focus measurement. 

FIG 36 shows a selection procedure for designating the position of the AF 
detecting point used for the AF measurement for each shot area SA. 

FIG 37 shows the positions of the AF detecting points used when the shot area 
SA belonging to the group A is exposed, and the wafer surface upon the start of the 
pre-measurement control. 

FIG 38 shows the AF detecting points used when the focus measurement is 
performed for the wafer surface by moving the AF detecting points without changing 
the number of the AF detecting points to be used. 

FIG 39 shows the AF detecting points used when the focus measurement is 
performed for the wafer surface by using all of the measurable AF detecting points. 

FIG 40 shows the positions of the AF detecting points used when the shot area 
SA belonging to the group C is exposed, and the wafer surface upon the start of the 
pre-measurement control. 

FIG 41 shows a diagram illustrating the result of the pre-measurement control 
performed as shown in FIG 40. 

FIG 42 shows Comparative Example concerning the pre-measurement control 
performed when the shot array is larger than the outer circumference of the wafer W. 

FIG 43 shows Comparative Example concerning the pre-measurement control 
performed when the shot array is larger than the outer circumference of the wafer W. 

FIG 44 is a view schematically showing the entire structure of an exposure 
apparatus related to the fifth embodiment. 

FIG 45 is a schematic plan view of one wafer stage of FIG 44. 

FIG 46 is a schematic plan view of the apparatus of FIG 44. 

FIG 47 is a view showing a flow of actions in the apparatus of FIG 44. 

FIG 48 is a schematic plan view showing the structure of a main part of an 
exposure apparatus as the sixth embodiment. 

Preferred Embodiments of the Invention 
[First Embodiment] 
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A first embodiment of the present invention will be explained below with 
reference to FIGS. 1 to 18. 

FIG 1 shows a schematic arrangement of a projection exposure apparatus 10 
according to the first embodiment. The projection exposure apparatus 10 is a 
projection exposure apparatus of the scanning exposure type based on the so-called 
step-and-scan system. A structure and a controlling method of the step-and-scan 
system projection exposure apparatus are disclosed in U.S. Pat. Nos. 5,646,413 and 
5,448,332, the disclosures of which are herein incorporated by reference. 

The projection exposure apparatus 10 comprises, for example, a stage apparatus 
provided with wafer stages WSl, WS2 as first and second substrate stages which are 
independently movable in the two-dimensional direction on a base pedestal 12 while 
holding wafers Wl, W2 as sensitive substrates, a projection optical system PL 
disposed over the stage apparatus, a reticle-driving mechanism disposed over the 
projection optical system PL, for driving a reticle R as a mask in a predetermined 
direction, i.e., in the Y axis direction in this embodiment (direction perpendicular to 
the plane of the paper in FIG 1), an illumination system for illuminating the reticle R 
from a position thereover, and a control system for controlling the respective 
components. 

The stage apparatus is supported over the base pedestal 12 in a floating manner 
by the aid of an unillustrated air bearing. The stage apparatus comprises the two 
wafer stages WSl, WS2 which are independently movable two-dimensionally in the 
X axis direction (lateral direction along the plane of the paper shown in FIG. 1) and in 
the Y axis direction (direction perpendicular to the plane of the paper shown in FIG 
1 ), a stage-driving system for driving the wafer stages WS 1 , WS2, and an 
interferometer system for measuring the positions of the wafer stages WSl, WS2. 
As shown in FIG 2, the wafer stage WSl exists in the positional information 
measuring section (PIS) and the wafer stage WS2 exists in the exposure section 
(EPS), both stages WSl, WS2 can move between PIS and EPS, respectively. 

The arrangement will be further described below. Unillustrated air pads (for 
example, vacuum-pre-loadable air bearings) are provided at a plurality of positions on 
bottom surfaces of the wafer stages WS 1 , WS2. The wafer stages WS 1 , WS2 are 
supported over the base pedestal 12 in a floating manner in a state in which a spacing 
distance of, for example, several microns is maintained in accordance with the 
balance between the vacuum-pre-loaded force and the air-ejecting force effected by 
the air pads. 
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As shown in a plan view in FIG 3, two X axis linear guides (for example, fixed 
magnets of a linear motor of the so-called moving coil type) 122, 124, which extend 
in the X axis direction, are provided in parallel on the base pedestal 12. Two 
movable members 114, 118, 116, 120, which are movable along the X axis linear 
guides respectively, are attached to the X axis linear guides 122, 124 respectively. 
Unillustrated driving coils are attached to bottom portions of the four movable 
members 114, 118, 116, 120 respectively so that the X axis linear guides 122, 124 are 
surrounded thereby at upper and lateral sides. The moving coil type linear motors 
for driving the respective movable members 114, 116, 118, 120 in the X axis direction 
are constructed by the driving coils and the X axis linear guides 122, 124 respectively. 
However, in the following description, the movable members 114, 116, 118, 120 are 
referred to as "X axis linear motor" for convenience. 

Among them, the two X axis linear motors 114, 1 16 are provided at both ends of 
a Y axis linear guide 110 extending in the Y axis direction (for example, a fixed coil 
of a linear motor of the moving magnet type) respectively. The other two X axis 
linear motors 118, 1 20 are secured to both ends of a similar Y axis linear guide 1 12 
extending in the Y axis direction. Therefore, the Y axis linear guide 110 is driven 
along the X axis linear guides 122, 1 24 by means of the X axis linear motors 114, 116, 
while the Y axis linear guide 112 is driven along the X axis linear guides 122, 124 by 
means of the X axis linear motors 118, 120. 

On the other hand, an unillustrated magnet, which surrounds one of the Y axis 
linear guides 1 10 at upper and lateral sides, is provided on the bottom of the wafer 
stage WS 1 . A moving magnet type linear motor for driving the wafer stage WS 1 in 
the Y axis direction is constructed by the magnet and the Y axis linear guide 110. 
Further, an unillustrated magnet, which surrounds the other Y axis linear guide 112 at 
upper and lateral sides, is provided on the bottom of the wafer stage WS2. A moving 
magnet type linear motor for driving the wafer stage WS2 in the Y axis direction is 
constructed by the magnet and the Y axis linear guide 1 12. 

That is, in the first embodiment of the present invention, the stage-driving 
system for two-dimensionally driving the wafer stages WSl, WS2 independently in 
the XY direction is constructed, for example, by the X axis linear guides 122, 124, the 
X axis linear motors 114, 116, 118, 1 20, the Y axis linear guides 110, 112, and the 
unillustrated magnets disposed on the bottoms of the wafer stages WSl, WS2. The 
stage-driving system is controlled by a stage control unit 38 shown in FIG 1. 
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Minute yawing can be generated on the wafer stage WSl , or minute yawing can 
be removed therefrom, by slightly varying the torque of the pair of X axis linear 
motors 114, 116 provided at the both ends of the Y axis linear guide 1 1 0. Similarly, 
minute yawing can be generated on the wafer stage WS2, or minute yawing can be 
removed therefrom, by slightly varying the torque of the pair of X axis linear motors 
118, 120 provided at the both ends of the Y axis linear guide 1 12. 

Wafers Wl, W2 are fixed on the wafer stages WSl, WS2 by means of, for 
example, vacuum suction by the aid of unillustrated wafer holders. Each of the 
wafer holders is finely driven in the Z axis direction perpendicular to the XY plane 
and in the 6 direction (rotational direction about the Z axis) by means of an 
unillustrated Z-6 driving mechanism. Fiducial mark plates FMl, FM2, on which 
various fiducial marks are formed, are placed on upper surfaces of the wafer stages 
WSl, WS2 to be at the substantially same height as that of the wafers Wl, W2 
respectively. The fiducial mark plates FMl, FM2 are used, for example, when the 
reference position of each of the wafer stages is detected. 

One side surface (left side surface in FIG 1) 20 of the wafer stage WSl in the X 
axis direction, and one side surface (back side surface as viewed in the plane of the 
paper in FIG 1) 21 thereof in the Y axis direction are mirror-finished reflective 
surfaces. Similarly, the other side surface (right side surface in FIG 1) 22 of the 
wafer stage WS22 in the X axis direction, and one side surface 23 thereof in the Y 
axis direction are mirror-finished reflective surfaces. Interferometer beams for 
respective length-measuring axes (for example, BIIX, BI2X) for constructing an 
interferometer system as described later on are projected onto the reflective surfaces. 
Reflected light beams therefrom are received by respective interferometers so as to 
measure displacements of the respective reflective surfaces from the reference 
position (in general, a fixed mirror is disposed on a side surface of the projection 
optical system or on a side surface of the alignment optical system, and such a 
position is used as the reference surface). Thus, the two-dimensional positions of the 
wafer stages WS 1, WS2 are measured respectively. The construction of the 
length-measuring axes of the interferometer system will be described in detail later 
on. 

A refractive optical system, which comprises a plurality of lens elements having 
a common optical axis in the Z axis direction and which is telecentric on both sides 
having a predetermined reduction magnification, for example, 1/5, is used as the 
projection optical system PL. Therefore, the velocity of movement of the wafer 
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stage in the scanning direction during scanning exposure based on the step-and-scan 
system is 1/5 of the velocity of movement of the reticle stage. 

As shown in FIQ 1, alignment systems 24a, 24b having the same function based 
on the off-axis system are installed on both sides in the X axis direction of the 
projection optical system PL at positions separated from the center of the optical axis 
of the projection optical system PL (coincident with the projection center of the image 
of the reticle pattern) by an identical distance respectively. The alignment systems 
24a, 24b have three types of alignment sensors based on the LSA (Laser Step 
Alignment) system, the FIA (Field Image Alignment) system, and LL\ (Laser 
Interferometric Alignment) system. The alignment systems 24a, 24b make it 
possible to perform measurement of the position in the X, Y two-dimensional 
direction of the reference mark on the fiducial mark plate and the alignment mark on 
the wafer. The LSA and LL\ are disclosed in U.S. Pat. No. 5,151 ,750 and the FIA is 
disclosed in U.S. Pat. No. 5,493,403, the disclosures of which are herein incorporated 
by reference. 

The LSA system resides in a general-purpose sensor most widely used to 
measure the mark position by irradiating the mark with a laser beam and utilizing a 
diffracted and scattered light beam. The LSA system has been hitherto widely used 
for process wafers. The FIA system resides in a sensor to measure the mark position 
by illuminating the mark with a broad band (wide zone) light beam such as a halogen 
lamp, and performing image processing for an obtained mark image. The FIA 
system is effectively used for asymmetric marks on aluminum layers and wafer 
surfaces. The LIA system resides in a sensor to detect positional information of the 
mark from a phase measured by irradiating a diffraction grating-shaped maik with 
laser beams having slightly different frequencies in two directions, and interfering two 
generated diffracted light beams. The LIA system is effectively used for wafers 
having small differences in level and wafers having rough surfaces. 

In the first embodiment of the present invention, the three types of the alignment 
sensors are appropriately used depending on the purpose so that, for example, 
so-called search alignment is performed for measuring the approximate position of the 
wafer by detecting three points of one-dimensional marks on the wafer, and fine 
alignment is performed for measuring the accurate position of each of shot areas on 
the wafer. 

In this embodiment, the alignment system 24a is used, for example, to measure 
positions of the alignment marks on the wafer Wl held on the wafer stage WS 1 and 
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the reference marks formed on the fiducial mark plate FMl . The alignment system 
24b is used, for example, to measure positions of the alignment marks on the wafer 
W2 held on the wafer stage WS2 and the reference marks formed on the fiducial mark 
plate FM2. 

The information, which is obtained and supplied from the respective alignment 
sensors for constructing the alignment systems 24a, 24b, is subjected to A/D 
conversion by the aid of an alignment control unit 80 to obtain a digital waveform 
signal which is computed and processed to detect the mark position. An obtained 
result is supplied to a main control unit 90 which serves as the controller. The main 
control unit 90 instructs the stage control unit to perform, for example, correction for 
the synchronization position during the exposure depending on the obtained result. 

Further, in the exposure apparatus 10 according to the first embodiment of the 
present invention, although not shown in FIG. 1, a pair of reticle alignment 
microscopes 142, 144 are provided over the reticle R as shown in FIG. 5. Each of 
the reticle alignment microscopes 142, 144 comprises a TTR (Through The Reticle) 
alignment optical system based on the use of an exposure wavelength for 
simultaneously observing the reticle mark (not shown) on the reticle R and the marks 
on the fiducial mark plates FMl, FM2 via the projection optical system PL. 
Detection signals obtained by using the reticle alignment microscopes 142, 144 are 
supplied to the main control unit 90. In this embodiment, polarizing mirrors 146, 
148 for introducing detected light beams from the reticle R into the reticle alignment 
microscopes 142, 144 respectively are movably arranged. When the exposure 
sequence is started, the polarizing mirrors 146, 148 are retracted by means of 
unillustrated mirror-driving units in accordance with the command supplied from the 
main control unit 90 respectively. A system equivalent to the reticle alignment 
microscopes 142, 144 is disclosed, for example, in Japanese Laid-Open Patent 
Publication No. 7-176468, corresponding to U.S. Pat. No. 5,646,413 of which detailed 
explanation will be omitted herein. 

Although not shown in FIG. 1, autofocus/autoleveling measuring mechanisms 
(hereinafter referred to as "AF/AL system") 130, 132, 134 for investigating the 
focusing position are provided for the projection optical system PL and the alignment 
systems 24a, 24b respectively as shown in FIG 4. Among them, the AF/AL system 
132 as a second detecting system is provided to detect whether or not the exposure 
surface of the wafer w coincides with (focuses with) the image plane of the projection 
optical system PL within a range of the depth of focus, because it is necessary that die 
pattern formation plane on the reticle R is conjugate to the exposure surface of the 
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wafer W in relation to the projection optical system PL in order to accurately transfer 
the pattern on the reticle R onto the wafer (Wl or W2) by means of scanning 
exposure. In the first embodiment of the present invention, a so-called multi-point 
AF system is used as the AF/AL system 132. The AF/AL system is disclosed in U.S. 
Pat. No. 5,502,3 1 1, the disclosure of which is herein incorporated by reference. 

Now, detailed arrangement of the multi-point AF system for constructing the 
AF/AL system 132 will be explained with reference to FIGS. 5 and 6. As shown in 
FIG. 5, the AF/AL system (multi-point AF system) 132 comprises an irradiating 
optical system 151 including a bundle of optical fibers 150, a light-collecting lens 
152, a pattern formation plate 154, a lens 156, a mirror 158, and an irradiating 
objective lens 160; and a light-collecting optical system 161 including a 
light-collecting objective lens 162, a rotary directional vibration plate 164, an 
image-forming lens 166, and a light receiving unit 168. 

The respective constitutive components of the AF/AL system (multi-point AF 
system) 132 will be now explained together with their functions. An illumination 
light beam having a wavelength which is different from that of the exposure light 
beam EL and at which the photoresist on the wafer Wl (or W2) is not photosensitive 
is introduced from an unillustrated illumination light source via the optical fiber 
bundle 150. The illumination light beam radiated from the optical fiber bundle 150 
passes through the light-collecting lens 152, and the pattern formation plate 154 is 
illuminated therewith. The illumination light beam transmitted through the pattern 
formation plate 154 passes through the lens 156, the mirror 158, and the irradiating 
objective lens 160, and the illumination light beam is projected onto the exposure 
surface of the wafer W. The image of the pattern on the pattern formation plate 1 54 
is projected obliquely with respect to the optical axis AX, and the image is formed on 
the exposure surface of the wafer Wl (or W2). The illumination light beam is 
reflected by the wafer Wl, and it is projected onto the light-receiving surface of the 
light receiving unit 168 via the lig^it-collecting objective lens 162, the rotary 
directional vibration plate 164, and the image-forming lens 166. The image of the 
pattern on the pattern formation plate 1 54 is formed again on the light receiving 
surface of the light receiving unit 168. The main control unit 90 is now operated to 
give predetermined vibration to the rotary directional vibration plate 164 by the aid of 
a vibrating unit 1 72. Further, the main control unit 90 is operated to supply, to a 
signal-processing unit 170, detection signals from a large number of (specifically, the 
same number as that of slit patterns of the pattern formation plate 154) light-receiving 
elements of the light-receiving unit 168. The signal-processing unit 170 performs 
synchronized detection for the respective detection signals by using the driving signal 
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of the vibrating unit 172 to obtain a large number of focus signals which are supplied 
to the main control unit 90 via the stage control unit 38. 

In this embodiment, as shown in FIG 6, a slit-shaped aperture pattern 93-1 1 to 
93-59, which comprises, for example, 5 X 9=45 individuals, is formed vertically on 
the pattern formation plate 154. The image of the slit-shaped aperture pattern is 
projected obliquely (at 45°) with respect to the X axis and the Y axis, onto the 
exposure surface of the wafer W. As a result, as shown in FIG. 4, the slit images are 
formed, which are arranged in matrix, and inclined by 45° with respect to the X axis 
and the Y axis. Reference symbol IF in FIG 4 indicates an illumination field on the 
wafer conjugate to the illumination area on the reticle illuminated by the illumination 
system. As also clarified from FIG 4, the detecting beam is radiated onto an area 
which is two-dimensionally sufficiently larger than the illumination field IF under the 
projection optical system PL. 

The AF/AL systems 130, 134 as first detecting systems are constructed in the 
same manner as the AF/AL system 132. That is, the first embodiment of the present 
invention is constructed such that approximately the same area as that for the AF/AL 
system 132 used to detect the focus during exposure can be also irradiated with the 
detecting beam by using the AF/AL mechanisms 130, 134 used when the alignment 
mark is measured. Accordingly, highly accurate alignment measurement can be 
performed by measuring the position of the alignment mark while executing the 
autofocus/autoleveling based on the use of the measurement and control of the AF/AL 
system similar to those performed during exposure, upon measurement by using the 
alignment sensors based on the use of the alignment systems 24a, 24b. In other 
words, no offset (error) occurs due to the posture of the stage, between the process of 
exposure and the process of alignment. 

Next, the reticle-driving mechanism will be explained with reference to FIGS. 1 
and 2. The reticle-driving mechanism comprises a reticle stage RST which is 
movable in the XY two-dimensional direction over a reticle base plate 32 while 
holding the reticle R, an unillustrated linear motor for driving the reticle stage RST, 
and a reticle interferometer system for managing the position of the reticle stage RST. 

The arrangement of the reticle-driving mechanism will be described in further 
detail below. As shown in FIG 2, the reticle stage RST is constructed such that two 
sheets of reticles Rl, R2 are placed in series in the scanning direction (Y axis 
direction). The reticle stage RST is supported in a floating manner over the reticle 
base plate 32 by the aid of, for example, an unillustrated air bearing. The reticle 
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stage RST is subjected to fine driving in the X axis direction, minute rotation in the 9 
direction, and scanning driving in the Y axis direction by the aid of a driving 
mechanism 30 (see FIG. 1) comprising, for example, an unillustrated linear motor. 
The driving mechanism 30 is a mechanism which uses a linear motor as a driving 
source similar to the stage apparatus described above. However, the driving 
mechanism 30 is indicated as a simple block in FIG 1 for illustrative and explanatory 
purposes. Accordingly, the reticles Rl, R2 on the reticle stage RST are selectively 
used, for example, upon double exposure, in which each of the reticles can be 
subjected to scanning in synchronization with the wafer. 

A parallel flat plate movement mirror 34, which is composed of the same 
material (for example, a ceramic) as that of the reticle stage RST, is provided at an 
end on one side in the X axis direction on the reticle stage RST to extend in the Y axis 
direction. A refractive surface, which is formed by means of mirror-finish 
processing, is formed on one side surface of the movement mirror 34 in the X axis 
direction. An interferometer beam is radiated onto the reflective surface of the 
movement mirror 34 from the interferometer indicated by the length-measuring axis 
BI6X for constructing the interferometer system 36 shown in FIG. 1 . The reflected 
light beam is received by the interferometer to measure the relative displacement with 
respect to the reference plane in the same manner as performed for the wafer stage. 
Thus, the position of the reticle stage RST is measured. In this embodiment, the 
interferometer having the length-measuring axis BI6X actually has two interferometer 
optical axes capable of performing measurement independently, making it possible to 
measure the position of the reticle stage in the X axis direction and measure the 
yawing amount. The interferometer having the length-measuring axis BI6X is used 
to perform synchronization control in the X direction and rotational control of the 
reticle stage RST in the direction to cancel the relative rotation (rotational error) 
between the reticle and the wafer on the basis of the information on the X position and 
the information on the yawing of the wafer stages WSl, WS2 supplied from the 
interferometers 16, 18 having length-measuring axes BIIX, BI2X disposed on the 
wafer stage side as described later on. 

On the other hand, a pair of comer cube mirrors 35, 37 are installed on the other 
side (front side in the plane of the paper in FIG 1) of the reticle stage RST in the Y 
axis direction as the scanning direction. Interferometer beams, which are 
represented by length-measuring axes BI7Y, BI8Y in FIG 2, are radiated from a pair 
of unillustrated double-path interferometers to the comer cube mirrors 35, 37. The 
beams are retumed to the reflective surface of the reticle base plate 32 by the comer 
cube mirrors 35, 37. The respective reflected light beams reflected thereby retum 
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via the same optical paths, and they are received by the respective double-path 
interferometers. Thus, the relative displacements of the respective comer cube 
mirrors 35, 37 are measured with respect to the reference position (the reflective 
surface on the reticle base plate 32 as the reference position). Measured values 
obtained by the double-path interferometers are supplied to the stage control unit 38 
shown in FIG 1 to obtain an average value thereof on the basis of which the position 
of the reticle stage RST in the Y axis direction is measured. The information on the 
position in the Y axis direction is used for calculation of the relative position between 
the reticle stage RST and the wafer stage WS 1 or WS2 on the basis of the measured 
value obtained by the interferometer disposed on the wafer side and having the 
length-measuring axis BOY. Further, the information is used for synchronization 
control between the reticle and the wafer in the scanning direction (Y axis direction) 
during the scanning exposure based thereon. 

That is, in the first embodiment of the present invention, the reticle 
interferometer system is constructed by the interferometer 36 and the pair of 
double-path interferometers represented by the length-measuring axes BI7Y, BI8Y. 

Next, an interferometer system for managing the positions of the wafer stages 
WSTl, WST2 will be explained with reference to FIGS. 1 to 3. As shown in FIGS. 
1 to 3, the interferometer beam, which is represented by the first length-measuring 
axis BIIX from the interferometer 16 shown in FIG 1, is radiated onto the surface of 
the wafer stage WSl on one side in the X axis direction along the first axis (X axis) 
passing through the projection center of the projection optical system PL and the 
respective detection centers of the alignment systems 24a, 24b. Similarly, the 
interferometer beam, which is represented by the second length-measuring axis BI2X 
from the interferometer 18 shown in FIG 1, is radiated onto the surface of the wafer 
stage WS2 on the other side in the X axis direction along the first axis. Reflected 
light beams therefrom are received by the interferometers 16, 18 so as to measure the 
relative displacements of the respective reflective surfaces from the reference position 
and measure the positions of the wafer stages WS 1, WS2 in the X axis direction. In 
this embodiment, as shown in FIG 2, each of the interferometers 16, 18 is a three-axis 
interferometer having three optical axes, making it possible to perform tilt 
measurement and 6 measurement, in addition to the measurement for the wafer stages 
WSl, WS2 in the X axis direction. Output values for the respective optical axes can 
be independently measured. In this embodiment, unillustrated 6 stages for 
performing 0 rotation for the wafer stages WSl, WS2, and Z-!eveIing stages RSI, 
RS2 as substrate-driving systems for performing minute driving and driving for 
inclination in the Z axis direction are actually disposed under the reflective surfaces 
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(20-23). Accordingly, all of the driving amounts concerning tilt control of the wafer 
stages can be monitored by using the interferometers 16, 1 8 (substrate-driving 
system). 

The respective interferometer beams represented by the first length-measuring 
axis BIIX and the second length-measuring axis BI2X always hit the wafer stages 
WSl, WS2 in the all regions of the movement range of the wafer stages WSl, WS2. 
Therefore, as for the X axis direction, the positions of the wafer stages WSl, WS2 are 
managed on the basis of measured values obtained by using the first length-measuring 
axis BIIX and the second length-measuring axis BI2X at any time of, for example, 
the exposure based on the use of the projection optical system PL and the use of the 
alignment systems 24a, 24b. 

As shown in FIGS. 2 and 3, the projection exposure apparatus is provided with 
an interferometer having a third length-measuring axis BI3 Y perpendicularly 
intersecting the first axis (X axis) at the projection center of the projection optical 
system PL, and interferometers having length-measuring axes BI4Y, BI5Y 
respectively as fourth length-measuring axes perpendicularly intersecting the first axis 
(X axis) at the respective detection centers of the alignment systems 24a, 24b. 
However, only the length-measuring axes are shown in the drawings. 

In the case of the first embodiment of the present invention, the measured values 
obtained by using the interferometer having the length-measuring axis BI3 Y passing 
through the projection center of the projection optical system, i.e., the optical axis AX 
are used to measure the positions of the wafer stages WSl, WS2 in the Y direction 
during the exposure based on the use of the projection optical system PL. The 
measured value obtained by using the length-measuring axis BI4Y passing through 
the detection center of the alignment system 24a, i.e., the optical axis SX is used to 
measure the position of the wafer stage WSl in the Y direction during the use of the 
alignment system 24a. The measured value obtained by using the length-measuring 
axis BI5Y passing through the detection center of the alignment system 24b, i.e., the 
optical axis SX is used to measure the position of the wafer stage WS2 in the Y 
direction during the use of the alignment system 24b. 

Therefore, the length-measuring axis of the interferometer in the Y direction is 
deviated from the reflective surface of the wafer stage WSl, WS2 depending on the 
respective conditions of use. However, at least one of the length-measuring axes, 
i.e., the length-measuring axes BIIX, BI2X are not deviated from the reflective 
surfaces of the respective wafer stages WSl, WS2. Accordingly, it is possible to 
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reset the interferometer on the Y side at an appropriate position at which the optical 
axis of the interferometer to be used enters the reflective surface. The method for 
resetting the interferometer will be described in detail later on. 

The respective interferometers having the length-measuring axes BIS Y, BI4Y, 
315 Y for Y measurement are two-axis interferometers each having two optical axes. 
They are capable of performing tilt measurement in addition to the measurement in 
the Y axis direction for the wafer stages WS 1 , WS2. Output values concerning the 
respective optical axes can be measured independently. 

In the first embodiment of the present invention, the interferometer system for 
managing the two-dimensional coordinate positions of the wafer stages WSl, WS2 is 
constructed by the five interferometers in total including the interferometers 16, 18 
and the three interferometers having the length-measuring axes BI3Y, BI4Y, BIS Y. 

In the first embodiment of the present invention, the exposure sequence is 
executed on one of the wafer stages WSl, WS2, while the wafer exchange/wafer 
alignment sequence is executed on the other of the wafer stages WSl, WS2 as 
described later on. During this process, in order not to cause any interference 
between the both stages, the movement of the wafer stages WSl, WS2 is managed by 
the stage control unit 38 in accordance with the command given by the main control 
unit 90 on the basis of the output values obtained by the respective interferometers. 

Further, the main control unit 90 shown in FIG 1 is provided with a memory 91 
as a storing device in which, for example, a conditional expression (for example, for 
interference condition) is stored for managing the movement of the wafer stages WSl, 
WS2. 

Next, the illumination system will be explained with reference to FIG. 1 . As 
shown in FIG. 1, the illumination system comprises, for example, an exposure light 
source 40, a shutter 42, a mirror 44, beam expanders 46, 48, a first fly's eye lens 50, a 
lens 52, a vibration mirror 54, a lens 56, a second fly's eye lens 58, a lens 60, a fixed 
blind 62, a movable blind 64, and relay lenses 66, 68. 

The respective components of the illumination system will now be explained 
together with their functions. A laser beam is radiated from the light source unit 40 
composed of a KrF excimer laser as a light source and a light-reducing system (for 
example, a light-reducing plate, an apeiture diaphragm). The laser beam passes 
through the shutter 42, and then it is polarized by the mirror 44, followed by being 
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shaped to have an appropriate beam diameter by means of the beam expanders 46, 48. 
The laser beam comes into the first fly's eye lens 50. The light beam coming into the 
first flys eye lens 50 is divided into a plurality of light beams by elements of the fly*s 
eye lens arranged two-dimensionally. The respective light beams come into the 
second fly's eye lens 58 again at different angles respectively by the aid of the lens 52, 
the vibration mirror 54, and the lens 56. The light beam outgoing from the second 
fly's eye lens 58 passes through the lens 60, and it arrives at the fixed blind 62 
installed at a position conjugate to the reticle R. At this position, the light beam is 
defined to have a predetermined cross-sectional configuration, and it passes through 
the movable blind 64 disposed at a position slightly de-focused from the conjugate 
plane of the reticle R. The light beam passes through the relay lenses 66, 68, and it 
is used as a uniform illumination light beam to illuminate a predetermined shape, i.e., 
a rectangular slit-shaped illumination area lA (see FIG 2) on the reticle R defined by 
the fixed blind 62. 

Next, the control system will be explained with reference to FIG. 1 . The 
control system centers the main control unit 90, as a controller, for controlling and 
supervising the entire apparatus, and it comprises, for example, the exposure amount 
control unit 70 and the stage control unit 38 which are under the control of the main 
control unit 90. 

Explanation will now be made mainly for the operations of the respective 
constitutive components of the control system as well as the operation of the 
projection exposure apparatus 10 according to the first embodiment of the present 
invention during the exposure. Prior to the start of the synchronized scanning for the 
reticle R and the wafer (Wl or W2), the exposure amount control unit 70 instructs a 
shutter-driving unit 72 to drive a shutter-driving unit 74 so that the shutter 42 is 
opened. 

After that, the stage control unit 38 starts synchronized scanning (scan control) 
for the reticle R and the wafer (Wl or W2), i.e., the reticle stage RST and the wafer 
stage (WS 1 or WS2) in accordance with the instruction given by the main control unit 
90. The synchronized scanning is performed by controlling the respective linear 
motors for constructing the reticle-driving unit 30 and the driving system for the wafer 
stages by using the stage control unit 38 while monitoring the measured values 
obtained by the length-measuring axis BI3Y and the length-measuring axis BIIX or 
BI2X of the interferometer system and the length-measuring axes BI7Y, BI8Y and the 
length-measuring axis BI6X of the reticle interferometer system. 
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At the point of time at which the both stages have been subjected to constant 
velocity control within a predetermined allowable range, the exposure amount control 
unit 70 instructs a laser control unit 76 to start pulse light emission. Accordingly, the 
rectangular illumination area lA on the reticle R, on which a pattern is chromium 
vapor-deposited on its lower surface, is illuminated with the illumination light beam 
emitted from the illumination system. The image of the pattern in the illumination 
area is reduced 1/5-fold by the aid of the projection optical system PL, and it is 
projected for exposure onto the wafer (Wl or W2) applied with a photoresist on its 
surface. In this embodiment, as also clarified from FIG. 2, the slit width of the 
illumination area lA in the scanning direction is narrow as compared with the pattern 
area on the reticle. The image of the entire surface of the pattern is successively 
formed on the shot area SA on the wafer by performing synchronized scanning for the 
reticle R and the wafer (Wl or W2) as described above. 

Simultaneously with the start of the pulse light emission described above, the 
exposure amount control unit 70 instructs a mirror-driving unit 78 to vibrate the 
vibration mirror 54 so that the vibration of the vibration mirror is continuously 
performed until the pattern area on the reticle R completely passes over the 
illumination area lA (see FIG. 2), i.e., until the image on the entire surface of the 
pattern is formed on the shot area on the wafer. Thus, the non-uniformity of 
interference fringe is reduced, which would be otherwise produced on account of the 
two fly's eye lenses 50, 58. The structure and the controlling method of the vibration 
mirror are disclosed in U.S. Pat. No. 5,534,970, the disclosure of which is herein 
incorporated by reference. 

The movable blind 64 is driven and controlled by the blind control unit 39 in 
synchronization with the scanning for the reticle R and the wafer W so that the 
illumination light does not leak out to the outside of the shielding area on the reticle at 
the shot edge portion during the scanning exposure. The series of synchronized 
operations are managed by the stage control unit 38. 

In relation to the pulse light emission effected by the laser control unit 76 
described above, it is necessary to emit light n times (n is a positive integer) during a 
period in which an arbitrary point on the wafer Wl, W2 passes over the width (w) of 
the illumination field. Therefore, it is necessary to satisfy the following expression 
(1) provided that the oscillation frequency is f, and the wafer scanning velocity is V. 
The control of the pulse light emission is disclosed in U.S. Pat. No. 5,591,958, the 
disclosure of which is herein incorporated by reference. 

f/n=V/w...(l) 
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Further, it is necessary to satisfy the following expression (2) provided that the 
radiation energy of one pulse radiated onto the wafer is P, and the resist sensitivity is 
E. 

nP = E ...(2) 

As described above, the exposure amount control unit 70 is constructed such 
that computing operation is performed for all variable quantities of the radiation 
energy P and the oscillation frequency f to give a command to the laser control unit 76 
so that the light-reducing system provided in the exposure light source 40 is 
controlled. Thus, the radiation energy P and the oscillation frequency f are varied, 
and the shutter-driving unit 72 and the mirror-driving unit 78 are controlled. 

Further, for example, when correction is made for the movement start positions 
(synchronization positions) of the reticle stage and the wafer stage to be subjected to 
the synchronized scanning during the scanning exposure, the main control unit 90 
instructs the stage control unit 38 which controls the movement of the respective 
stages to make correction for the stage position corresponding to an amount of 
correction. 

The projection exposure apparatus according to the first embodiment of the 
present invention further comprises a first transport system for performing wafer 
exchange between itself and the wafer stage WSl, and a second transport system for 
performing wafer exchange between itself and the wafer stage WS2. 

As shown in FIG 7, the first transport system performs wafer exchange as 
described later on between itself and the wafer stage WS 1 disposed at a wafer loading 
position on the left side. The first transport system comprises a first wafer loader 
including, for example, a first loading guide 182 which extends in the Y axis 
direction, first and second sliders 186, 190 which are movable along the loading guide 
1 82, a first unload arm 1 84 which is attached to the first slider 1 86, and a first load 
arm 188 which is attached to the second slider 190, and a first center-up 180 including 
three vertically movable members provided on the wafer stage WSl. 

The operation of wafer exchange effected by the first transport system will now 
be briefly explained. As shown in FIG 7, explanation will be made for a case in 
which the wafer WT placed on the wafer stage WSl disposed at the wafer loading 
position on the left side is exchanged with the wafer Wl transported by the first wafer 
loader. 
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At first, the main control unit 90 is operated to turn-off vacuum attraction 
effected by the unillustrated wafer holder on the wafer stage WSl by the aid of an 
unillustrated switch so that attraction for the wafer Wl* is de-enet:gized. 

Next, the main control unit 90 is operated to drive and raise the center-up 1 80 
by a predetermined amount by the aid of an unillustrated center-up-driving system. 
Accordingly, the wafer WT is lifted up to a predetermined position. In this state, the 
main control unit 90 instructs an unillustrated wafer loader control unit to move the 
first unload arm 184. Accordingly, the first slider 186 is driven and controlled by the 
wafer loader control unit. The first unload arm 1 84 is moved to a position over the 
wafer stage WSl along the loading guide 182, and it is located at the position just 
under the wafer Wl'. 

In this state, the main control unit 90 is operated to downwardly drive the 
center-up 1 80 to a predetermined position. During the downward movement of the 
center-up 180, the wafer WT it is transmitted to and received by the first unload arm 
1 84. Therefore, the main control unit 90 instructs the wafer loader control unit to 
start vacuum attraction for the first unload arm 184. Accordingly, the wafer WT is 
attracted and held by the first unload arm 184. 

Next, the main control unit 90 instructs the wafer loader control unit to start 
retraction of the first unload arm 184 and movement of the first load arm 188. 
Accordingly, the first unload arm 184 starts movement in the -Y direction in FIG 7 
integrally with the first slider 186, simultaneously with which the second slider 190 
starts movement in the +Y direction integrally with the first load arm 188 which holds 
the wafer Wl . When the first load arm 1 88 arrives at a position over the wafer stage 
WSl, the wafer loader control unit stops movement of the second slider 190, and the 
vacuum attraction for the first load arm 188 is de-energized. 

In this state, the main control unit 90 is operated to upwardly drive the center-up 
1 80. Thus, the underlying center-up 1 80 is allowed to lift up the wafer W 1 . Next, 
the main control unit 90 instructs the wafer loader control unit to retract the load arm. 
Accordingly, the second slider 190 starts movement in the -Y direction integrally with 
the first load arm 188, and the first load arm 188 is retracted. Simultaneously with 
the start of retraction of the first load arm 188, the main control unit 90 starts 
downward driving for the center-up 180. Thus, the wafer Wl is placed on the 
unillustrated wafer holder on the wafer stage WSl, and vacuum attraction eflFected by 
the wafer holder is turned on. Accordingly, a series of sequence for wafer exchange 
is completed. 
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Similarly, as shown in FIG 8, a second transport system performs wafer 
exchange in the same manner as described above between itself and the wafer stage 
WS2 disposed at a wafer loading position on the right side. The second transport 
system comprises a second wafer loader including, for example, a second loading 
guide 192 which extends in the Y axis direction, third and fourth sliders 196, 200 
which are movable along the second loading guide 192, a second unload arm 194 
which is attached to the third slider 196, and a second load arm 198 which is attached 
to the fourth slider 200, and an unillustrated second center-up provided on the wafer 
stage WS2. 

Next, explanation will be made with reference to FIGS. 7 and 8 for the 
concurrent or parallel process based on the use of the two wafer stages, which is the 
feature of the first embodiment of the present invention. FIG 7 shows a plan view of 
a state in which the wafer is exchanged between the wafer stage WSl and the first 
transport system as described above at the left loading position, during the period in 
which the exposure operation is performed for the wafer W2 on the wafer stage WS2 
by the aid of the projection optical system PL. In this process, after performing the 
wafer exchange, the alignment operation is continuously performed on the wafer stage 
WS 1 as described later on. In FIG 7, the position of the wafer stage WS2 during the 
exposure operation is controlled on the basis of measured values obtained by using the 
length-measuring axes BI2X, BI3 Y of the interferometer system. The position of the 
wafer stage WSl, on which the wafer exchange and the alignment operation are 
performed, is controlled on the basis of measured values obtained by using the 
length-measuring axes BIIX, BI4Y of the interferometer system. 

At the left loading position shown in FIG 7, the arrangement is made such that 
the reference mark on the fiducial mark plate FMl of the wafer stage WSl is disposed 
just under the alignment system 24a (See FIG 19A). Accordingly, the main control 
unit 90 carries out reset for the interferometer having the length-measuring axis BI4Y 
of the interferometer system prior to the measurement of the reference mark on the 
fiducial mark plate FMl, performed by using the alignment system 24a. 

FIG 1 9B shows an example of the reference mark MK2 and a situation of 
image pick-up for detecting the reference mark MK2 by using the sensor of the FIA 
system of the alignment system 24a. In FIG 19B, a symbol Sx indicates an image 
pick-up range for CCD. A cross-shaped mark indicated by a symbol M indicates an 
index included in the sensor of the FIA system. In this drawing, only the image 
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pick-up range in the X axis direction is depicted. However, actually, it is a matter of 
course that a similar image pick-up procedure is also executed in the Y direction. 

FIG 19C shows a waveform signal obtained by using an image processing 
system included in the alignment control unit 80 when the image of the mark MK2 
shown in FIG 19B is picked up by using the sensor of the FIA system. The 
alignment control unit 80 analyzes the waveform signal to detect the position of the 
mark MK2 on the basis of the index center. The main control unit 90 calculates the 
coordinate position of the mark MK2 on the fiducial mark plate FMl in a coordinate 
system (hereinafter referred to as "first stage coordinate system", if necessary) based 
on the use of the length-measuring axes BIIX, BI4Y, on the basis of the position of 
the mark MK2 and the result of measurement effected by using the length-measuring 
axes BIIX, BI4Y. 

Search alignment is performed continuously after the wafer exchange and the 
reset for the interferometer described above. The search alignment, which is 
performed after the wafer exchange, is pre-alignment performed again on the wafer 
stage WSl, because the positional error is large if pre-alignment is performed during 
only the period of transport of the wafer Wl . Specifically, positions of three search 
alignment marks (not shown), which are formed on the wafer Wl placed on the stage 
WS 1 , are measured by using, for example, the sensor of the LS A system of the 
alignment system 24a. Positional adjustment is performed for the wafer Wl in the 
X, Y, 6 directions on the basis of obtained results of the measurement. During the 
search alignment, the operations of the respective components are controlled by the 
main control unit 90. 

After completion of the search alignment, fine alignment is performed to 
determine the arrangement of the respective shot areas on the wafer Wl by using 
EGA in this embodiment. The method of EGA is disclosed in U.S. Pat. No. 
4,780,617, the disclosure of which is incorporated herein by reference. Specifically, 
positions of the alignment marks of predetermined sample shots on the wafer Wl are 
measured by using, for example, the sensor of the FIA system of the alignment system 
24a while successively moving the wafer stage WSl on the basis of designed shot 
array data (data on alignment mark positions), while managing the position of the 
wafer stage WSl by using the interferometer system (length-measuring axes BIIX, 
BI4Y). All shot array data are computed in accordance with statistical operation 
based on the least square method on the basis of obtained results of the measurement 
and the designed coordinate data on the shot array. During the process of EGA, the 
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operations of the respective components are controlled by the main control unit 90. 
The computing operation described above is performed by the main control unit 90. 

The main control unit 90 calculates the relative positional relationship for the 
respective shots with respect to the mark MK2 by subtracting the coordinate position 
of the reference mark MK2 from the coordinate positions of the respective shots. 

As described above, in the case of the first embodiment of the present invention, 
the position of the alignment mark is measured while executing 
autofocus/autoleveling based on the measurement and control effected by the AF/AL 
system 132 (see FIG. 4) in the same manner as performed during the exposure, during 
the measurement performed by the alignment system 24a. Thus, it is possible to 
avoid occurrence of any offset (error) which would be otherwise caused between the 
process of alignment and the process of exposure, due to the posture of the stage. 

During the period in which the wafer exchange and the alignment operation are 
performed for the wafer stage WS 1 as described above, double exposure is performed 
for the wafer stage WS2 in a continuous manner in accordance with the step-and-scan 
system while changing the exposure condition by using two reticles Rl, R2 as shown 
in FIG. 9. 

Specifically, the relative positional relationship for the respective shots with 
respect to the mark MK2 has been previously calculated in the same manner as 
performed for the wafer W 1 . The shot areas on the wafer W2 are successively 
positioned under the optical axis of the projection optical system PL, on the basis of 
obtained results of the calculation and results of detection of relative positions of the 
marks MKl, MK3 on the fiducial mark plate FMl and projected images on the wafer 
surface, of the marks RMKl, RMK3 on the reticle corresponding thereto based on the 
use of the reticle alignment microscopes 144, 142 (this process will be described in 
detail later on), while the reticle stage RST and the wafer stage WS2 are subjected to 
synchronized scanning in the scanning direction every time when each of the shot 
areas is subjected to exposure. Thus, the scanning exposure is carried out. 

The exposure for all of the shot areas on the wafer W2 as described above is 
also continuously performed afiter the reticle exchange. Specifically, the exposure 
procedure of the double exposure proceeds in the following order as shown in FIG 
lOA. That is, the respective shot areas on the wafer Wl are successively subjected 
to scanning exposure from Al to A12 by using the reticle R2 (pattern A). After that, 
the reticle stage RST is moved in a predetermined amount in the scanning direction by 
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using the driving system 30 to set the reticle Rl (pattern B) at the exposure position. 
Thereafter, scanning exposure is performed in an order from Bl to B 12 as shown in 
FIG lOB. In this procedure, the exposure condition (AF/AL, exposure amount) and 
the transmittance differ between the reticle R2 and the reticle Rl . Therefore, it is 
necessary that the respective conditions are measured during the reticle alignment, 
and the conditions are changed depending on obtained results. The operations of the 
respective components during the double exposure for the wafer W2 are also 
controlled by the main control unit 90. 

The exposure sequence and the wafer exchange/alignment sequence are 
concurrently performed in parallel on the two wafer stages WSl, WS2 shown in FIG 
7 described above. In this process, the wafer stage of the two wafer stages WS 1, 
WS2, on which the operation has been firstly completed, takes a waiting state. At 
the point of time at which the operations for the both have been completed, the wafer 
stages WSl, WS2 are controlled and moved to the positions shown in FIG 8 
respectively. The wafer W2 on the wafer stage WS2, for which the exposure 
sequence has been completed, is subjected to wafer exchange at the right loading 
position. The wafer Wl on the wafer stage WSl, for which the alignment sequence 
has been completed, is subjected to the exposure sequence under the projection optical 
system PL. 

At the right loading position shown in FIG 8, the reference mark MK2 on the 
fiducial mark plate FM2 is positioned under the alignment system 24b in the same 
manner as operated for the left loading position. The wafer exchange operation and 
the alignment sequence are executed as described above. Of course, the reset 
operation for the interferometer having the length-measuring axis BIS Y of the 
interferometer system has been executed prior to the detection of the mark MK2 on 
the fiducial mark plate FM2 eflFected by the alignment system 24b. 

Next, explanation will be made for the reset operation for the interferometer, 
performed by the main control unit 90 during the change from the state shown in FIG. 
7 to the state shown in FIG 8. After the alignment is performed at the left loading 
position, the wafer stage WS 1 is moved to the position at which the reference mark 
(See FIG 20A) on the fiducial plate FMl comes just under the center (projection 
center) of the optical axis AX of the projection optical system PL shown in FIG. 8. 
During this movement, the intaferometer beam for the length-measuring axis BI4Y 
does not comes into the reflective surface 21 of the wafer stage WSl. Therefore, it 
is difficult to move the wafer stage to the position shown in FIG 8 immediately after 
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completion of the alignment. For this reason, in the first embodiment of the present 
invention, the following artifice is conceived. 

That is, as explained above, the first embodiment of the present invention lies in 
the setting in which the fiducial mark plate FMl comes just under the alignment 
system 24a when the wafer stage WSl is disposed at the left loading position. The 
interferometer having the length-measuring axis BI4Y is reset at this position. 
Therefore, the wafer stage WSl is once returned to this position. The wafer stage 
WS 1 is moved from the position rightwardly in the X axis direction by a distance BL 
while monitoring the measured value obtained by using the interferometer 16 having 
the length-measuring axis BIIX for which the interferometer beam is not intercepted, 
on the basis of the previously known distance (conveniently referred to as "BL") 
between the detection center of the alignment system 24a and the center (projection 
center) of the optical axis of the projection optical system PL. Accordingly, the 
wafer stage WSl is moved to the position shown in FIG. 8. 

As shown in FIG 20A, the main control unit 90 is operated to detect the relative 
positions of the marks MKl, MK3 on the fiducial mark plate FMl and projected 
images on the wafer surface, of the marks RMKl, RMK3 on the reticle corresponding 
thereto, based on the use of the exposure light beam by using the reticle alignment 
microscopes 144, 142. 

As mentioned above, the Reticle Mark RMKl and RMK3 might generally 
correspond to or are positioned adjacent to MKl and MK3, as shown in FIG 20 A, 
because the wafer stage WS 1 was moved using the known value BL. 

FIG 20B shows the projected image on the wafer surface, of the mark RMK 
(RMKl , RMK2) on the reticle R. FIG 20C shows the mark MK (MKl, MK3) on 
the fiducial mark plate. FIG 20D shows a situation of image pick-up for 
simultaneously detecting the projected image on the wafer surface, of the mark RMK 
(RMKl, RMK2) on the reticle Rand the mark MK (MKl, MK3) on the fiducial mark 
plate, by using the reticle alignment microscope 144, 142, in the state shown in FIG 
20A. In FIG 20D, a symbol SRx indicates an image pick-up range for CCD which 
constructs the reticle alignment microscope. FIG 20E shows a waveform signal 
obtained by processing the image picked up as described above by the aid of an 
unillustrated image processing system. 

The shapes of the reticle mark RMK shown in FIG 20B and the mark MK 
shown in FIG 20C are only examples and they may be in any shape. As shown in 
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FIG. 21, MK2 is arranged so as to be positioned in the mid of MKl and MK3 on the 
fiducial plate FM, and a distance between MKl and MK3 is adjusted so as to 
correspond to a distance between the mark RMKl and the mark RMK2 when these 
marks are observed by the reticle alignment microscope. FIG 20D shows a state in 
which the reticle alignment mark RMK is just positioned in the center of the mark 
MK of the fiducial plate. 

The main control unit 90 resets the interferometer having the length-measuring 
axis BIS Y prior to the pick-up of the waveform signal The reset operation can be 
executed at the point of time at which the length-measuring axis to be used next is 
available to radiate the side surface of the wafer stage. 

Accordingly, the coordinate positions of the marks MKl, MK3 on the fiducial 
mark plate FMl, and the coordinate positions of the marks RMK on the reticle R 
projected on the wafer surface are detected in the coordinate system (second stage 
coordinate system) based on the use of the length-measuring axes BIIX, BI3Y. 

For example, when the mark MKl (and the mark MK3) are observed by the 
alignment microscope, the measured value of the wafer stage WSl in the second stage 
coordinate system is (XI, Yl), and the relative position of mark MKl to the position 
of the reticle alignment mark RMKl and the relative position of mark MKl to a 
projected position of reticle alignment mark RMK3 are detected by the alignment 
microscope. Here, the center position of the two images obtained by projecting the 
mark RMKl and RMK3 on the reticle R means the exposure position of the recicle 
pattern, i.e. the projection center of the projection optical system. Further, MK2 is 
positioned in the middle of the mark MKl and MK3. Therefore, relative positions of 
the exposure position of the reticle pattern and the mark MK2 of the substrate plate 
FM can be determined by calculation, when the wafer stage WSl is on (XI, Yl). 

The main control unit 90 fmally calculates the relative positional relationship 
between the exposure position and each of the shots in accordance with the previously 
determined relative positional relationship of each of the shots with respect to the 
mark MK2 on the fiducial mark plate FMl, and the relative relationship between the 
exposure position and the coordinate position of the mark MKl, MK3 on the fiducial 
mark plate FM 1 . Depending on an obtained result, the respective shots on the wafer 
Wl are subjected to the exposure as shown in FIG 21. 

The reason why the highly accurate alignment can be performed even when the 
reset operation is performed for the interferometer as described above is as follows. 
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That is, the spacing distance between the reference mark and the imaginary position 
calculated in accordance with the measurement of the wafer mark is calculated by 
using the identical sensor by measuring the reference mark on the fiducial mark plate 
FMl by means of the alignment system 24a, and then measuring the alignment mark 
on each of the shot areas on the wafer Wl . At this point of time, the relative 
distance between the reference mark and the position to be subjected to exposure is 
determined. Accordingly, if the correspondence between the exposure position and 
the reference mark position is established before the exposure by using the reticle 
alignment microscopes 142, 144, it is possible to perform the highly accurate 
exposure operation by adding the relative distance to the obtained value, even when 
the interferometer beam for the interferometer in the Y axis direction is intercepted 
during the movement of the wafer stage, and the reset is performed again. 

The reference marks MKl to MK3 always exist on the identical fiducial plate. 
Therefore, if the drawing error is determined beforehand, only the management for 
the offset is required, and there is no variable factor. There is a possibility that the 
RMKl, RMK2 also involve any offset due to any drawing error of the reticle. 
However, such a situation may be also dealt with by means of only the offset 
management, if the drawing error is reduced by using a plurality of marks during the 
reticle alignment, or if the drawing error of the reticle mark is measured beforehand, 
as disclosed, for example, in Japanese Laid-Open Patent Publication No. 5-67271 . 

When the length-measuring axis BI4Y is not intercepted during the period of 
movement of the wafer stage WSl from the alignment completion position to the 
position shown in FIG 8, it is a matter of course that the wafer stage may be linearly 
moved to the position shown in FIG 8 immediately after completion of the alignment 
while monitoring the measured values obtained by using the length-measuring axes 
BIIX, BI4Y. In this case, it is preferable to perform the reset operation for the 
interferometer at any point of time at or after the point of time at which the 
length-measuring axis BIS Y passing through the optical axis AX of the projection 
optical system PL overlaps the reflective surface 2 1 of the wafer stage WS 1 
perpendicular to the Y axis, and before the detection of the relative positions of the 
marks MKl, MK3 on the fiducial mark plate FMl and the projected images on the 
wafer, of the marks RMKl, RMK3 on the reticle corresponding thereto based on the 
use of the reticle alignment microscopes 144, 142. 

The wafer stage WS2 may be moved from the exposure completion position to 
the right loading position shown in FIG 8 in the same manner as described above to 
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perform the reset operation for the interferometer having the length-measuring axis 
BI5Y. 

. Alternatively, FIG 1 1 shows an example of the timing of the exposure sequence 
for successively exposing the respective shot areas on the wafer Wl held on the wafer 
stage WSl . FIG 12 shows the timing of the alignment sequence for the wafer W2 
held on the wafer stage WS2, performed concurrently in parallel thereto. In the first 
embodiment of the present invention, the exposure sequence and the wafer 
exchange/alignment sequence are concurrently performed in parallel to one another 
for the wafers Wl, W2 held on the respective wafer stages while independently 
moving the two wafer stages WSl, WS2 in the two-dimensional direction so that the 
throughput is improved. 

However, when the two operations are dealt with concurrently in parallel to one 
another by using the two wafer stages, the operation performed on one of the stages 
affects, as a disturbance factor, the operation performed on the other wafer stage in 
some cases. On the contrary, some of the operations performed on one of the wafer 
stages do not affect the operations performed on the other wafer stage. Thus, in the 
first embodiment of the present invention, the operations performed concurrently in 
parallel are divided into the operations which correspond to the disturbance factor, 
and the operations which do not correspond to the disturbance factor. Further, the 
timings of the respective operations are adjusted so that the operations which 
correspond to the disturbance factor are mutually performed simultaneously, or the 
operations which do not correspond to the disturbance factor are mutually performed 
simultaneously. 

For example, during the scanning exposure, the synchronized scanning for the 
wafer Wl and the reticle R is performed at constant velocities, in which no 
disturbance factor is included. Further, it is necessary to exclude any external 
disturbance factor as less as possible. Therefore, during the scanning exposure 
performed on one of the wafer stages WSl, the timing is adjusted to give a stationary 
state in the alignment sequence effected for the wafer W2 on the other wafer stage 
WS2. That is, the measurement of the marie in the alignment sequence is performed 
in a state in which the wafer stage WS2 is allowed to stand still at the mark position. 
Therefore, the measurement of the mark is not the disturbance factor for the scanning 
exposure. Thus, it is possible to perform the measurement of the mark concurrently 
with the scanning exposure in parallel. In this context, with reference to FIGS. 1 1 
and 12, it is understood that the scanning exposure effected for the wafer Wl 
indicated by the operation numbers of "1, 3, 5, 7, 9, 11, 13, 15, 17, 19, 21, 23" shown 
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in FIG. 1 1 is performed in a mutually synchronized manner with respect to the mark 
measurement operation effected at the respective alignment mark positions for the 
wafer W2 indicated by the operation numbers of "1, 3, 5, 7, 9, 11, 13, 15, 17, 19, 21, 
23" shown in FIG 12. On the other hand, in the case of the alignment sequence, the 
constant velocity movement is also performed during the scanning exposure. 
Therefore, no disturbance occurs, and it is possible to perform the measurement 
highly accurately. 

The same situation as that described above is also considered for the wafer 
exchange. Especially, for example, any vibration, which is generated when the 
wafer is transmitted from the load arm to the center-up, may serve as a disturbance 
factor. Therefore, the wafer may be transmitted in conformity with acceleration or 
deceleration (which may serve as a disturbance factor) before or after the 
synchronized scanning is performed at a constant velocity. The timing adjustment 
described above is performed by using the main control unit 90. 

Next, explanation will be made for the method for performing the focus/leveling 
control during the exposure. In the projection exposure apparatus 10 according to 
the first embodiment of the present invention, AF measurement is performed for the 
wafer during the alignment by using the AF/AL system 130 provided for the 
alignment system 24a, or by using the AF/AL system 134 provided for the alignment 
system 24b. The focus/leveling control is performed during the exposure on the 
basis of obtained results of the measurement described above and results of AF 
measurement for the wafer by using the AF/AL system 132 provided for the 
projection optical system PL. 

As described above, the order of exposure for the respective shot areas on the 
wafer W is determined, for example, by respective parameters of (1) to (4), i.e., (1) 
acceleration and deceleration times during scanning, (2) adjustment time, (3) exposure 
time, and (4) stepping time to adjacent shot. However, in general, the acceleration 
and the deceleration give the rate-determining condition. Therefore, it is most 
efficient that scanning is performed in an alternate manner for the wafer in the ±Y 
direction (the adjacent shots are successively subjected to scanning exposure in the X 
direction shown in FIG 13), when the two-shot stepping effected by the vertical 
stepping (stepping in the Y direction shown in FIG 13) is not performed. 

FIG 13 shows the order of exposure for the shot area 210 on the wafer Wl, 
determined as described above. FIG 13 represents an example in which all shot 
arrays are included in the wafer Wl. 
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The complete pre-measurement control as described in Japanese Laid-Open 
Patent Publication No. 6-283403 corresponding to U.S. Pat. No. 5,448,332 is also 
performed in the embodiment of the present invention prior to the exposure for the 
respective shot areas. However, when it is intended to perform the exposure in the 
most efficient exposure order as shown in FIG 13, AF detecting points appear in some 
parts, at which it is impossible to perform the measurement (detection) for the surface 
of the wafer Wl, because the AF detecting points for pre-measurement overlap the 
outer circumference of the wafer Wl at respective positions indicated by symbols A, 
B, C in FIG. 13. In such a case, it is impossible to perform the complete 
pre-measurement control described above. 

This situation will be described in further detail below. FIGS. 14A, 14B, 14C 
show magnified plan views respectively illustrating cases in which the AF 
measurement for pre-measurement is performed at the respective positions shown by 
the symbols A, B, C in FIG 13. Actually, for example, the AF detecting points AFl 
to AF5 and the exposure area IF conjugate to the illumination area lA on the reticle 
are fixed, with respect to which the wafer Wl is scanned. However, for 
convenience, FIGS. 14A, 14B, 14C are illustrated such that the exposure area IF and 
the AF detecting points are scanned with respect to the wafer surface. Therefore, in 
the following description, explanation will be made assuming that the direction 
opposite to the actual scanning direction for the wafer Wl is the scanning direction. 

In this embodiment, it is assumed that the AF detecting points AFl to AFS as 
the second detecting system are arranged in the non-scarming direction (lateral 
direction in the plane of the paper) on one side of the exposure area IF in the scanning 
direction (vertical direction in the plane of the paper) (see FIG 14A. Further, it is 
assumed that the AF detecting points AB 1 to AB5 as the second detecting system are 
arranged in the non-scanning direction on the other side of the exposure area IF in the 
scanning direction (see FIG MB). 

In FIG 14 A, when the AF measurement is performed while conducting 
scanning in the +Y direction, the pre-measurement control cannot be performed, 
because the detecting points AFl and AF2 are deviated from the surface of the wafer 
W 1 . In the case of FIGS. 14B and C, the pre-measurement control cannot be also 
performed, because the detecting points (AB 1 to AB5, AF4 and AFS) are deviated 
from the surface of the wafer Wl. 
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In such a situation, the scanning direction has been hitherto inverted so that the 
scanning (referred to as "internal scanning") is performed from the inside to the 
outside of the wafer Wl in order that the detecting points are not deviated from the 
surface of the wafer Wl at the positions of A, B, C described above. However, if the 
scanning direction is inverted, an inconvenience arises in that the exposure order 
determined as described above is changed, and consequently the throughput is 
decreased. 

Now, an example of output results (as Z directional position on the surface of 
the wafer) of an AF system in the state in which the outer edge of the wafer being 
moved by means of the wafer stage WS is within the detecting portion of the AF 
system is shown in FIG 15. 

As shown in FIG. 15 (Comparative Example), in order to avoid the decrease in 
throughput as described above, it is assumed that a method is adopted, in which the 
AF measurement is started at a point of time D at which the measurement can be 
performed while all of the AF detecting points (for example AFl to AF5) for 
pre-measurement are located on the surface of the wafer, so that the 
autofocus/autoleveling control (hereinafter referred to as "AF/AL control") is carried 
out. However, in the case of this method, an error occurs in a region between Point 
E and Point F which represent the completion of follow-up control, due to delay in 
phase of AF/AL follow-up. Point E in FIG 1 5 indicates the position of completion 
of follow-up obtained when normal pre-measurement control is performed. As 
clarified from FIG 15, it is understood that such AF measurement deteriorates the 
AF/AL control accuracy. 

In consideration of the fact described above, in the first embodiment of the 
present invention, the AF measurement for the wafer Wl is performed during the 
alignment prior to the pre-measurement during the wafer exposure, under the same 
condition as that used in the exposure, by using the AF/AL system 130 provided for 
the alignment system 24a or by using the AF/AL system 134 provided for the 
alignment ^stem 24b. Thus, it is intended to avoid deterioration of the AF/AL 
control accuracy as the error caused by the delay in phase of follow-up control of 
AF/AL described above. The AF/AL system 130 or the AF/AL system 134 is 
provided with the AF detecting points (corresponding to AF 1 to AF5, see FIG 14 A) 
and the AF detecting points (corresponding to ABl to AB5, see FIG 143) as the first 
detecting system capable of executing the AF/AL measurement for the surface of the 
wafer Wl under the same condition as that provided for the projection optical system 
PL described above. 
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That is, as shown in FIG 16, the wafer Wl, which is subjected to the alignment, 
includes a number of measuring points for EGA, i.e., ALl to AL6 (six points). In 
this range, the AF measurement is performed at the measuring points C, A, B in the 
same direction as that for the exposure sequence. Also in this case, in order to avoid 
any mutual influence on the operations of the two substrate stages, the stepping 
operations (operations corresponding to the disturbance factor) are synchronized with 
each other, or the exposure operation and the alignment operation (operations not 
corresponding to the disturbance factor) are synchronized with each other, and the 
stages are moved in an order so that they cause no mutual interference. In this 
procedure, it is assumed that there is given "exposure time>alignment 
time+pre-measurement time". 

FIG 1 7 shows results of measurement at Point A in FIG 1 6 for the detecting 
points AFl to AF5, obtained by the AF measurement during the alignment which is 
the feature of the present invention. In FIG 17, for the purpose of simplified 
illustration, the wafer surface position is depicted as having the leveling of zero. 
However, the results for AFl to AF5 are dispersed in ordinaiy cases. 

In this embodiment, as shown in FIG 14 A, the AF measurement can be 
normally performed at the detecting points AF4 and AF5. Therefore, the obtained 
values of the AF measurement also indicate the wafer surface position in FIG 17. 
On the contrary, the detecting points AF3, AF2, AFl gradually indicate the wafer 
surface position in accordance with the movement in the scanning direction. When 
the focus measurement for the shot areas in the vicinity of the outer circumference of 
the wafer is performed beforehand as described above, it is possible to know what 
measured values are given in the following exposure sequence, for example, at the 
respective positions of A, B, C in FIG 16. Accordingly, upon the actual 
pre-measurement control during the exposure, the position of the wafer is allowed to 
approach the target position (0) within a range of error concerning reproducibility of 
the measurement for the wafer surface position as shown in FIG 1 8, as compared with 
the procedure shown in FIG 15. That is, it is possible to perform quick driving for 
the focus. 

Originally, as described in Japanese Laid-Open Patent Publication No. 
6-283403, the follow-up control response in the autofocus lies in a condition under 
which an amount of 30% of the absolute error can be followed as estimated as 
primary response. The follow-up completion point F appears earlier (because of an 
identical allowable value) by decreasing the initial absolute value error. It is possible 
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to complete the follow-up earlier than at the follow-up completion point E which is 
given when the normal pre-measurement control is performed. 

As explained above, according to the projection exposure apparatus 1 0 
concerning the first embodiment of the present invention, the two stages for holding 
the wafers are independently moved, and the wafer exchange and alignment operation 
is performed on one of the stages, while the exposure operation is concurrently 
performed in parallel on the other stage. The AF measurement for the wafer surface 
is performed by using the AF/AL system of the alignment system during the 
alignment. At the point of time at which the both operations are completed, the 
operations are mutually changed with each other. Therefore, the focus can be 
quickly driven even for shot areas which are located in the vicinity of the outer 
circumference of the wafer where the wafer surface is not disposed at the 
pre-measurement position during the exposure and for which the scanning exposure is 
performed from the outside to the inside of the wafer, by previously carrying out the 
focus measurement at the outer circumference of the wafer and using results obtained 
by the measurement. Thus, it is possible to avoid any delay in follow-up in the 
pre-measurement control. Therefore, the focus/leveling control can be performed 
highly accurately. It is unnecessary to adopt the internal scanning even when the 
shot areas in the vicinity of the outer circumference of the wafer are subjected to 
scanning exposure from the outside to the inside of the wafer. The respective shot 
areas can be exposed in the most efficient exposure order. Accordingly, it is possible 
to improve the throughput. 

The AF measurement during the alignment is performed while conducting the 
scanning in the same direction as that for the scanning exposure for the shot areas 
located at the outer circumference of the wafer. Therefore, it is possible to perform 
the focus control which is free from, for example, the offset depending on, for 
example, the movement direction of the stage. 

According to the projection exposure apparatus 10 concerning the first 
embodiment, there are provided the two wafer stages for independently holding the 
two wafers respectively. The two wafer stages are independently moved in the XYZ 
directions, wherein the wafer exchange operation and the alignment operation are 
executed for one of the wafer stages, during which the exposure operation is executed 
for the other wafer stage. The operations of the both are mutually changed at the 
point of time at which the both operations are completed. Accordingly, it is possible 
to greatly improve the throughput. 
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During the change of the operations described above, the interferometer having 
the length-measuring axis to be used for the operation after the change is reset, 
simultaneously with which the measurement sequence is also performed for the 
fiducial mark plate disposed on the wafer stage. Therefore, no special inconvenience 
occurs even when the length-measuring axis of the interferometer system is deviated 
from the reflective surface of the wafer stage (or from the movement mirror, if the 
movement mirror is separately provided). It is possible to shorten the reflective 
surface of the wafer stage (or the movement mirror, if the movement mirror is 
separately provided). Accordingly, it is possible to easily realize miniaturization of 
the wafer stage. Specifically, the length of one side of the wafer stage can be 
miniaturized to have a size of a degree which is slightly larger than the diameter of the 
wafer. Thus, it is possible to easily incorporate, into the apparatus, the two wafer 
stages which are independently movable. In addition, it is possible to improve the 
positioning performance for the respective wafer stages. 

As for the wafer stage for which the exposure operation is performed, the mark 
on the fiducial mark plate is measured simultaneously with the reset for the 
length-measuring interferometer by using the reticle alignment microscope 142, 144 
(alignment sensor based on the use of the exposure light beam) by the aid of the 
projection optical system PL. As for the wafer stage for which the wafer 
exchange/alignment operation is performed, the mark on the fiducial mark plate is 
measured simultaneously with the reset for the length-measuring interferometer by 
using the alignment system 24a or 24b (off-axis alignment sensor). Therefore, it is 
also possible to change the length-measuring axis of the interferometer for managing 
the position of the wafer stage during the alignment effected by each of the alignment 
systems and during the exposure effected by the projection optical system. In this 
process, the following procedure is adopted. That is, (1) when the mark on the 
fiducial mark plate is measured by using the alignment system 24a or 24b, the 
coordinate position of the mark is measured on the first stage coordinate system, (2) 
the alignment mark of a sample shot on the wafer is thereafter detected to determine 
the array coordinate (coordinate position for the exposure) of each shot is determined 
on the first stage coordinate system in accordance with the EGA operation, (3) the 
relative positional relationship between the mark on the fiducial mark plate and the 
coordinate position for the exposure of each shot is determined from the results 
obtained in (1) and (2) described above, (4) the relative positional relationship 
between the mark on the fiducial mark plate and the coordinate position of those 
projected from the reticle is detected before the exposure on the second stage 
coordinate system by the aid of the projection optical system PL by using the reticle 
alignment microscope 142, 144, and (5) the exposure is performed for each shot by 
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using (3) and (4) described above. Accordingly, the exposure can be performed 
highly accurately even in the case of the change of the length-measuring axis of the 
interferometer for managing the position of the wafer stage. As a result, it is 
possible to perform the positional adjustment for the wafer without performing the 
baseline measurement which has been hitherto carried out to measure the spacing 
distance between the projection center of the projection optical system and the 
detection center of the alignment system. It is also unnecessary to carry a large 
fiducial mark plate as described in Japanese Laid-Open Patent Publication No. 
7-176468. 

According to the first embodiment of the present invention, there are provided 
at least two alignment systems for detecting the mark, the two alignment systems 
being disposed with the projection optical system PL interposed therebetween. 
Accordingly, the alignment operation and the exposure operation, which are 
performed by alternately using the respective alignment systems, can be concurrently 
dealt with in parallel to one another by alternately moving the two wafer stages. 

According to the first embodiment of the present invention, the wafer loader for 
exchanging the wafer is arranged in the vicinity of the alignment system, especially to 
perform the operation at the respective alignment positions. Accordingly, the change 
from the wafer exchange to the alignment sequence is smoothly performed. Thus, it 
is possible to obtain a higher throughput. 

According to the first embodiment of the present invention, the influence to 
cause deterioration of throughput disappears almost completely, even when the 
off-axis alignment system is installed at a position greatly separated from the 
projection optical system PL, because the high throughput is obtained as described 
above. Therefore, it is possible to design and install a straight cylinder type optical 
system having a high N.A. (numerical aperture) and having a small aberration. 

According to the first embodiment of the present invention, each of the optical 
systems has the interferometer beam radiated from the interferometer for measuring 
the approximate center of each of the optical axes of the two alignment systems and 
the projection optical system PL. Accordingly, the positions of the two wafer stages 
can be accurately measured in a state free from any Abbe error at any time of the 
alignment and the pattern exposure by the aid of the projection optical system. Thus, 
it is possible to independently move the two wafer stages. 
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The length-measuring axes BIIX, BI2X, which are provided toward the 
projection center of the projection optical system PL from the both sides in the 
direction (X axis direction in this embodiment) along which the two wafer stages 
WSl, WS2 are aligned, are always used to effect radiation to the wafer stages WSl, 
WS2 so that the positions of the respective stages in the X axis direction are 
measured. Therefore, it is possible to move and control the two stages so that they 
exert no interference with each other. 

The interferometers are arranged so that the length-measuring axes 313 Y, BI4Y, 
BI5Y effect radiation in the direction (Y axis direction in this embodiment) 
intersecting perpendicularly toward the positions of the detection center of the 
alignment system and the projection center of the projection optical system PL with 
respect to the length-measuring axes BIIX, BI2X. The position of the wafer stage 
can be accurately controlled by resetting the interferometers even when the 
length-measuring axis is deviated from the reflective surface due to movement of the 
wafer stage. 

The fiducial mark plates FMl, FM2 are provided on the two wafer stages WSl, 
WS2 respectively. The positional adjustment for the wafer can be performed by 
adding the spacing distance from the correction coordinate system obtained by 
previously measuring the mark position on the fiducial mark plate and the mark 
position on the wafer by using the alignment system, to the measured position of the 
fiducial plate before the exposure, without performing the baseline measurement for 
measuring the spacing distance between the projection optical system and the 
alignment system as performed in the conventional technique. It is unnecessary to 
carry a large fiducial mark plate as described in Japanese Laid-Open Patent 
Publication No. 7-176468. 

According to the first embodiment of the present invention, the double exposure 
is performed by using a plurality of reticles R. Accordingly, an effect is obtained to 
increase the resolution and improve DOF (depth of focus). However, in the double 
exposure method, it is necessary to repeat the exposure step at least twice. For this 
reason, in general, the exposure time is prolonged, and the throughput is greatly 
decreased. However, the use of the projection exposure apparatus according to the 
first embodiment of the present invention makes it possible to greatly improve the 
throughput. Therefore, the effect is obtained to increase the resolution and improve 
DOF without decreasing the throughput. For example, it is assumed that the 
respective processing times of Tl (wafer exchange time), T2 (search alignment time), 
T3 (fine alignment time), and T4 (exposure time for one exposure) for an 8- inch wafer 
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are Tl : 9 second, T2: 9 seconds, T3: 12 seconds, and T4: 28 seconds. When the 
double exposure is performed in accordance with the conventional technique in which 
a series of exposure processes are performed by using one wafer stage, there is given 
a throughput THOR=3600/(T1+T2+T3+T4 X 2)=3 600/(3 0+2 8 X 2)=41 [sheets/hour]. 
Therefore, the throughput is lowered to be up to 66% as compared with a throughput 
(THOR=3600/(Tl+T2+T3+T4)=3600/58=62 [sheets/hour]) obtained by using a 
conventional apparatus in which the single exposure method is carried out by using 
one wafer stage. However, when the double exposure is performed by using the 
projection exposure apparatus according to the first embodiment of the present 
invention while concurrently processing Tl, T2, T3, T4 in parallel to one another, 
there is given a throughput THOR=3600/(28+28)=64 [sheets/hour], because it is 
sufficient to consider only the exposure time. Therefore, the throughput can be 
improved while maintaining the effect to increase the resolution and improve DOR 
The number of points for EGA can be increased in a degree corresponding to the long 
exposure time. Thus, the alignment accuracy is improved. 

In the first embodiment of the present invention, explanation has been made for 
the case in which the present invention is applied to the apparatus for exposing the 
wafer based on the use of the double exposure method. However, such explanation 
has been made because of the following reason. That is, as described above, when 
the exposure is performed twice with the two reticles (double exposure) on the side of 
one of the wafer stages, during which the wafer exchange and the wafer alignment are 
concurrently carried out in parallel on the side of the other wafer stage which is 
independently movable, by using the apparatus according to the present invention, 
then the especially large effect is obtained in that the high throughput can be obtained 
as compared with the conventional single exposure, and it is possible to greatly 
improve the resolving power. However, the range of application of the present 
invention is not limited thereto. The present invention can be preferably applied 
when the exposure is performed in accordance with the single exposure method. For 
example, it is assumed that the respective processing times (Tl to T4) for an 8-inch 
wafer are the same as those described above. When the exposure process is 
performed in accordance with the single exposure method by using the two wafer 
stages as in the present invention, if Tl, T2, T3 are dealt with as one group (30 second 
in total), and the concurrent process is performed for T4 (28 seconds), then there is 
given a throughput THOR=3 600/3 0=1 20 [sheets/hour]. Thus, it is possible to obtain 
the high throughput which is approximately two times the conventional throughput 
(THOR=62 [sheets/hour]) in which the single exposure is carried out by using one 
wafer stage. 
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[Second Embodiment] 

Next, the second embodiment of the present invention will be explained with 
reference to FIGS. 22 and 23. In this embodiment, constitutive components which 
are the same as or equivalent to those referred to in the first embodiment described 
above are designated by the same reference numerals, explanation of which is 
simplified or omitted. 

As shown in FIG 22, a projection exposure apparatus according to the second 
embodiment is characterized in that the length-measuring beam BI4Y (or BIS Y) is not 
deviated from the reflective surface of the stage during the movement of the wafer 
stage WSl (or WS2) from the completion position of the alignment sequence to the 
start position of the exposure sequence, because the length of one side of the wafer 
stage WSl (the length of one side of WS2 is identical thereto) is longer than the 
mutual distance BL between the length-measuring axes BI4Y and BI3 Y (the mutual 
distance between the length-measuring axes BI5Y and BI3 Y is identical thereto). 
Accordingly, the projection exposure apparatus according to the second embodiment 
is different from the projection exposure apparatus according to the fu'st embodiment 
described above in that the reference mark on the fiducial mark plate can be measured 
after the reset for the interferometer as described later on. Other features are 
constructed in the same manner as the projection exposure apparatus 10 according to 
the first embodiment described above. 

FIG. 22 shows a situation in which the interferometer having the 
length-measuring axis BI3 Y is reset after completion of the alignment for the wafer 
W 1 on the wafer stage WS 1 . 

As also clarified from FIG 22, the interferometers having the length-measuring 
axes BIIX, BI4X for managing the position of the wafer stage WSl have their 
interferometer beams which are not deviated from the reflective surface formed on 
one end surface of the wafer stage WS 1 in the Y axis direction, after the fine 
alignment operation (effected by EGA described above) for the wafer Wl by the aid 
of the alignment system 24a. Accordingly, the main control unit 90 is operated to 
move the wafer stage WSl from the alignment completion position to the position 
shown in FIG 22 at which the fiducial mark plate FM 1 is located under the projection 
lens PL, while monitoring measured values obtained by using the interferometers 
having the length-measuring axes BIIX, BI4Y. During this process, the 
interferometer beam concerning the length-measuring axis BOY is reflected by the 
reflective surface of the wafer stage WSl immediately before positioning the fiducial 
mark plate FMl just under the projection lens PL. 
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In this embodiment, the position of the wafer stage WSl is controlled on the 
basis of the measured values obtained by using the interferometers having the 
length-measuring axes BIIX, BI4Y. Therefore, unlike the first embodiment 
described above, the main control unit 90 can accurately manage the position of the 
wafer stage WSl . At this point of time (i.e., immediately before positioning the 
fiducial mark plate FMl just under the projection lens PL), the interferometer having 
the length-measuring axis BI3 Y is reset. After completion of the reset, the position 
of the wafer stage WSl is controlled on the basis of measured values obtained by 
using the interferometers having the length-measuring axes BIIX, BI3Y (the 
coordinate system is changed from the first stage coordinate system to the second 
stage coordinate system). 

After that, the main control unit 90 is operated so that the wafer stage WSl is 
positioned at the position shown in FIG. 22 to perform the detection of the relative 
position between the marks MKl, MK3 on the fiducial mark plate FMl and the 
projected images on the wafer surface, of the marks RMKl, RMK3 on the reticle 
corresponding thereto, i.e., the detection of the relative positional relationship 
between the marks MKl, MK3 and the exposure position (projection center of the 
projection optical system PL) by using the exposure light beam based on the use of 
the reticle microscopes 142, 144, in the same manner as performed in the first 
embodiment described above. After that, the main control unit 90 finally calculates 
the relative positional relationship between the exposure position and each shot in 
accordance with the relative positional relationship of each shot with respect to the 
mark MK2 on the fiducial mark plate FMl previously determined and the relative 
positional relationship between the exposure position and the coordinate position of 
the mark MKl, MK3 on the fiducial mark plate FMl . Thus, the exposure (double 
exposure as described above) is performed in accordance with an obtained result (see 
FIG 21). 

During the exposure, the length-measuring axis BI4Y is deviated from the 
reflective surface depending on the exposure position, and the measurement therewith 
becomes impossible. However, no inconvenience occurs because the 
length-measuring axis has been already changed for the control of the position of the 
wafer stage WSl. 

The operation of the exposure sequence is performed on the side of the one 
wafer stage WSl, during which the other wafer stage WS2 is subjected to the 
positional control on the basis of the measured values obtained by using the 
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interferometers having the length-measuring axes BI2X, BI5Y, in which the W 
exchange sequence and the wafer alignment sequence are executed. In this process, 
the double exposure is performed on the side of the wafer stage WS 1 as described 
above. Therefore, the operation of the wafer exchange sequence and the wafer 
alignment sequence performed on the side of the wafer stage WS2 are completed 
earlier, and then the wafer stage WS2 is in a waiting state. 

At the point of time at which the exposure for all areas of the wafer Wl is 
completed, the main control unit 90 is operated to move the wafer stage WS 1 to the 
position at which the interferometer beam concerning the length-measuring axis BI4Y 
is reflected by the reflective surface of the wafer stage WSl while monitoring 
measured values obtained by using the interferometers concerning the 
length-measuring axes BIIX, BI3Y so that the interferometer having the 
length-measuring axis BI4Y is reset. After completion of the reset operation, the 
main control unit 90 is operated to change the length-measuring axes for controlling 
the wafer stage WSl into the length-measuring axes BIIX, BI4Y again so that the 
wafer stage WS 1 is moved to the loading position. 

During the movement, the interferometer beam concerning the 
length-measuring axis BI3 Y is once deviated from the reflective surface, and it falls 
into an immeasurable state. However, no inconvenience occurs because the 
length-measuring axis has been changed to control the position of the wafer stage 
WSL 

The main control unit 90 is operated to start movement of the wafer stage WS2 
so that the fiducial mark plate FM2 for the wafer stage WS2 is positioned under the 
projection optical system PL, concurrently with the movement of the wafer stage WS 1 
to the loading position. During the movement, the reset of the interferometer having 
the length-measuring axis BI3Y is executed in the same manner as described above. 
After that, the reticle microscopes 142, 144 are used to perform the detection of the 
relative positions of the marks MKl, MK3 on the fiducial mark plate FM2 and the 
projected images on the wafer surface, of the marks RMKl, RMK3 on the reticle 
corresponding thereto, i.e., the detection of the relative positional relationship 
between the marks MKl, MK3 and the exposure position (projection center of the 
projection optical system PL), in the same manner as described above. 
Subsequently, the main control unit 90 finally calculates the relative positional 
relationship between the exposure position and each shot in accordance with the 
relative positional relationship of each shot with respect to the mark MK2 on the 
fiducial mark plate FM2 previously determined and the relative positional relationship 
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between the exposure position and the coordinate position of the mark MKl, MK3 on 
the fiducial mark plate FM2. Thus, the exposure (double exposure as described 
above) is started in accordance with an obtained result. 

FIG 23 shows a situation in which the wafer stage WSl is moved to the loading 
position as described above, and the operation of the exposure sequence is performed 
on the side of the wafer stage WS2. 

At the loading position, the mark MK2 on the fiducial mark plate FMl is 
located under the alignment system 24a in the same manner as described in the first 
embodiment. The main control unit 90 is operated to detect the coordinate position 
of the mark MK2 on the first stage coordinate system (BIIX, BI4Y) simultaneously 
widi completion of the wafer exchange in the same manner as described in the first 
embodiment. Subsequently, the EGA measurement is carried out for the mark on the 
wafer Wl to calculate the coordinate position of each shot in the same coordinate 
system. That is, the relative positional relationship of each shot with respect to the 
mark MK2 is calculated by subtracting the coordinate position of the mark MK2 on 
the fiducial mark plate FMl from the coordinate position of each shot. The EGA 
operation is completed at this point of time, and the system waits for completion of 
the exposure for the wafer W2 on the wafer stage WS2 to make a change again to the 
state shown in FIG 22. 

According to the projection exposure apparatus concerning the second 
embodiment of the present invention explained above, it is possible to obtain eflFects 
equivalent to those obtained in the first embodiment described above. Besides, the 
reflection is allowed to occur simultaneously on the reflective surface of the wafer 
stage for the length-measuring axes used before and after the change respectively 
during the movement of the stage when the change is made to the operation of the 
exposure sequence after completion of the operation of the alignment sequence. 
Further, the reflection is allowed to occur simultaneously on the reflective surface of 
the wafer stage for the length-measuring axes used before and after the change 
respectively during the movement of the stage when the change is made to the 
operation of the wafer exchange/alignment sequence after completion of the operation 
of the exposure sequence. Accordingly, it is possible that the mark on the fiducial 
mark plate is measured after the reset of the length-measuring interferometer by using 
the exposure light beam alignment sensor (reticle alignment microscope 142, 144) by 
the aid of the projection optical system PL, the reset for the length-measuring 
interferometer is executed prior to the wafer exchange, and the mark on the fiducial 
mark plate is measured after completion of the wafer exchange by using the off-axis 
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alignment sensor (alignment system 24a, 24b). Therefore, the interferometer to be 
used for the stage control can be changed to the interferometer having the 
length-measuring axis to be used for the operation after the change, during the change 
from the alignment operation based on the use of each alignment system to the 
exposure operation based on the use of the projection optical system PL, and during 
the change from the exposure operation based on the use of the projection optical 
system PL to the wafer exchange operation. Accordingly, it is possible to further 
improve the throughput, as compared with the case of the first embodiment in which 
the length-measuring axis is changed simultaneously with the measurement of the 
mark on the fiducial mark plate. 

In the first and second embodiments described above, explanation has been 
made for the case in which the present invention is applied to the apparatus for 
exposing the wafer based on the use of the double exposure method. However, such 
explanation has been made because of the following reason. That is, as described 
above, when the exposure is performed twice with the two reticles (double exposure) 
on the side of one of the wafer stages, during which the wafer exchange and the wafer 
alignment are concurrently carried out in parallel on the side of the other wafer stage 
which is independently movable, by using the apparatus according to the present 
invention, then the especially large effect is obtained in that the high throughput can 
be obtained as compared with the conventional single exposure, and it is possible to 
greatly improve the resolving power. However, the range of application of the 
present invention is not limited thereto. The present invention can be preferably 
applied when the exposure is performed in accordance with the single exposure 
method. For example, it is assumed that the respective processing times (Tl to T4) 
for an 8- inch wafer are the same as those described above. When the exposure 
process is performed in accordance with the single exposure method by using the two 
wafer stages as in the present invention, if Tl, T2, T3 are dealt with as one group (30 
second in total), and the concurrent process is performed for T4 (28 seconds), then 
there is given a throughput THOR=3600/30=120 [sheets/hour]. Thus, it is possible 
to obtain the high throughput which is approximately two times the throughput 
(THOR=62 [sheets/hour]) of the conventional apparatus in which the single exposure 
is carried out by using one wafer stage. 

In the embodiment described above, explanation has been made for the case in 
which the scanning exposure is performed in accordance with the step-and-scan 
system. However, the present invention is not limited thereto. It is a matter of 
course that the present invention can be equivalently applied to a case in which the 
stationary exposure is performed in accordance with the step-and-repeat system, as 



93 



well as those based on the use of the EB exposure apparatus and the X-ray exposure 
apparatus, and a process of the stitching exposure in which a chip is combined with 
another chip. 

[Third embodiment] 

In the first embodiment of the present invention, the diflferent operations are 
concurrently processed in parallel to one another by using the two wafer stages WSl, 
WS2. Therefore, there is a possibility that the operation performed on the one stage 
gives influence (disturbance) to the operation of the other stage. For this reason, as 
described above, it is necessary to adjust the timing for the operations performed on 
the two stages WSl, WS2. 

In this embodiment, explanation will be made for the timing adjustment for the 
operations performed on the two stages WSl, WS2, with reference to FIGS. 11,12 
and 24. As explained in the first embodiment, FIG 1 1 shows an example of the 
timing of the exposure sequence for successively exposing the respective shot areas 
on the wafer Wl held on the stage WSl. FIG 12 shows the timing of the alignment 
sequence for the wafer W2 held on the stage WS2, which is processed concurrently in 
parallel thereto. 

As described above, the operations performed on the two stages WS 1 , WS2 
include the disturbance factor operation in which the operation performed on one of 
the stages affects the operation performed on the other stage, and the non-disturbance 
factor operation in which the operation performed on one of the stages does no affect 
the operation performed on the other stage in a reverse manner. Accordingly, in the 
embodiment of the present invention, the operations to be concurrently processed are 
divided into disturbance factor operations and non-disturbance factor operations to 
achieve the timing adjustment so that a disturbance factor operation is successfully 
performed simultaneously with another disturbance factor operations, and a 
non-disturbance factor operations is successfully performed simultaneously with 
another non-disturbance factor operation. 

Upon the start of the timing adjustment for the operations as shown in FIG. 24, 
at first, the main control unit 90 is operated so that the exposure start position of the 
wafer Wl held on the stage WSl is adjusted to be at the exposure position of the 
projection optical system PL for performing the exposure operation, and the detection 
start position for the mark on the wafer W2 held on the stage WS2 is adjusted to be at 
the detection position of the alignment system 24b for performing the alignment 
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operation. In this state, the main control unit 90 waits for the input of a start 
command for the operation to be executed on the stage. 

When the operation start command is inputted, the main control unit 90 judges 
in a step S2 whether or not the exposure operation performed on the wafer W 1 is an 
operation not to behave as a disturbance factor (non-disturbance factor operation). 
The scanning exposure operation performed on the wafer Wl is a non-disturbance 
factor operation which does not affect the other stage, because the wafer Wl and the 
reticle R are subjected to synchronized scanning at a constant velocity. However, 
during the stepping operation corresponding to the movement between shot areas and 
across acceleration and deceleration areas existing before and after the constant 
velocity scanning, the scanning exposure operation behaves as a disturbance factor 
operation, because the stage WSl is driven in an accelerating or decelerating manner. 
When the alignment operation is performed on the wafer W2, the operation behaves 
as a non-disturbance factor operation which does not affect the other stage, because 
the mark measurement is performed in a stationary state in which the mark is adjusted 
to the alignment system. However, the stepping operation corresponding to the 
movement between the marks to be measured behaves as a disturbance factor 
operation, because the stage WS2 is driven in an accelerating or decelerating manner. 

Accordingly, in the step S2, when the operation performed on the wafer Wl is a 
non-disturbance factor operation such as the operation during the scanning exposure, 
it is necessaiy to exclude the disturbance factor operation from the operation 
concurrently processed on the wafer W2, because the exposure accuracy is lowered if 
the disturbance factor operation such as an stepping operation is performed on the 
other stage WS2. Therefore, if the judgment in the step S2 is affirmed, the main 
control unit 90 judges whether or not the operation to be performed next on the wafer 
W2 is a non-disturbance factor operation which is simultaneously executable (step 
S4). The non-disturbance factor operation, which is simultaneously executable on 
the wafer W2, includes, for example, a mark-detecting operation performed in a 
stationary state. In this embodiment, the non-disturbance factor operation as 
described above is executed simultaneously with another non-disturbance factor 
operation (step S6). 

In the step S4, if the operation timing is deviated, or if there is no mark to be 
detected, then the routine proceeds to a step S8 to execute the scarming exposure 
operation on the wafer Wl, and the processing operation on the wafer W2 is allowed 
to wait, because there is no non-disturbance factor operation which is simultaneously 
executable. The main control unit 90 judges in a step SIO whether or not the 
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non-disturbance factor operations on the wafers Wl, W2 are completed. If the 
operations are not completed, the routine returns to the step S6 to repeatedly perform 
the operation as described above. If the operations are completed, the presence or 
absence of the next processing operation is judged in the next step SI 2. If the next 
processing operation is present in the step SI 2, the routine returns to the step S2 to 
repeat the operation as described above. If the next processing operation is absent, 
the routine ends. 

In the step S2, when the stage WSl is subjected to stepping movement to make 
movement between shot areas on the wafer Wl, then the main control unit 90 judges 
such movement to be a disturbance factor operation, and the routine proceeds to a step 
S 14. The main control unit 90 judges whether or not an operation to be performed 
next on the wafer W2 is a simultaneously executable disturbance factor operation 
(step S 14). The disturbance factor operation, which is simultaneously executable on 
the wafer W2, includes, for example, stepping movement between measurement 
marks. Therefore, the disturbance factor operation as described above is executed in 
a step S16 simultaneously with another disturbance factor operation. 

In the step SI 4, if the operation timing is deviated, or if there is no stepping 
movement between measurement marks, then there is no simultaneously executable 
disturbance factor operation. Therefore, the routine proceeds to a step 818 to 
execute the stepping operation on the wafer Wl, and the processing operation on the 
wafer W2 is allowed to wait. The main control unit 90 judges whether or not the 
disturbance factor operations on the wafers Wl, W2 are completed in a step S20. If 
the operations are not completed, the routine returns to the step S16 to repeatedly 
perform the operation as described above. If the operations are completed, the 
routine proceeds to the step S12 to judge the presence or absence of any operation to 
be processed next. In the step SI 2, if there is any operation to be processed next, the 
routine returns to the step S2 again to repeat the operation as described above. If 
there is no operation to be processed next, the routine ends. 

Next, explanation will be made for an example of adjustment for the operation 
timing on the two wafers Wl, W2 with reference to FIGS. 1 1 and 12. At first, on the 
wafer Wl shown in FIG. 1 1, the scanning exposure operation (non-disturbance factor 
operation) indicated by the operation numbers of "1, 3, 5, 7, 9, 11, 13, 15, 17, 19, 21, 
23" is successively performed along arrows depicted by chain lines. It is understood 
that on the wafer W2 shovm in FIG 12, the mark-measuring operation 
(non-disturbance factor operation) is performed in a stationary state at positions of 
respective alignment marks indicated by the operation numbers of "1, 3, 5, 7, 9, 11, 
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13, 15, 17, 19, 21, 23, ..." in synchronization with the scanning exposure operation. 
On the other hand, no disturbance arises in the alignment sequence because the 
constant velocity movement is performed during the scanning exposure, and hence it 
is possible to perform highly accurate measurement. 

In the alignment sequence (EGA) shown in FIG 12, the alignment marks are 
measured at two points for each of the shot areas. Some of the alignment marks 
shown in FIG 12 do not have operation numbers, because of the following reason. 
That is, for example, when an upper mark (before the operation number 4 in FIG 12) 
of the next alignment shot is disposed in the vicinity of a lower mark (having the 
operation number 3 in FIG 12) of the first alignment shot, then the upper mark is 
measured simultaneously with the lower mark, or the upper mark is measured after 
the wafer stage WS2 is moved by a minute distance at an acceleration of a degree at 
which the synchronization accuracy is not affected thereby with respect to the other 
wafer stage WS 1 . Therefore, these marks are indicated by the identical operation 
number (3 in this case). It is assumed that the measurement is performed in the same 
manner as described above for the alignment marks of the operation numbers other 
than the above. 

On the wafer Wl shown in FIG 1 1, the stepping movement (disturbance factor 
operation) between shot areas to be subjected to the scanning exposure is performed at 
the timing indicated by the operation numbers of "2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 
22". On the wafer W2 shown in FIG 12, the stepping movement (disturbance factor 
operation) between measurement marks is performed at the timing indicated by the 
operation numbers of "2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, ..." in synchronization with 
the stepping movement of the wafer Wl . 

As shown in FIG 7, when the wafer exchange operation is performed for the 
wafer Wl, and the scanning exposure is performed for the wafer W2, then the 
disturbance factor arises, for example, in the vibration generated when the wafer Wl 
is delivered from the first load arm 188 to the center-up 180. However, in this case, 
it is assumed that the main control unit 90 performs the timing adjustment so that the 
wafer W2 is allowed to wait before and after the scanning exposure. Further, a 
disturbance factor arises concerning the wafer W2 in the process of acceleration or 
deceleration before or after the arrival at a constant velocity for the synchronized 
scanning for the wafer and the reticle. Therefore, the timing adjustment may be 
performed so that the wafer Wl is delivered in synchronization with this process. 
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As described above, the main control unit 90 is operated to adjust the operation 
timing so that the operations which behave as disturbance factors are performed in 
synchronization with each other as far as possible, or the operations which behave as 
non-disturbance factors are performed in synchronization with each other as far as 
possible, of the operations to be concurrently processed on the wafers Wl, W2 held 
on the two stages respectively. Thus, it is possible to avoid the mutual influence 
which would be otherwise exerted by the disturbance, even when the respective 
operations are concurrently processed in parallel to one another on the two stages. 
All of the timing adjustment described above is performed by using the main control 
unit 90. 

Next, explanation will be made for the interference condition to determine 
whether or not the two wafer stages WSl, WS2 make contact with each other, with 
reference to FIGS. 25A and 25B. FIG. 25A shows a state in which the wafer stage 
WS2 is located under the projection optical system PL, and the reference mark on the 
fiducial mark plate FM2 on the wafer stage WS2 is observed by using the TTR 
alignment system described above. It is assumed that the coordinate position (x, y) 
of the wafer stage WS2 at this time is (0, 0). Assuming that the X coordinate at the 
left end of the wafer stage WS2 is (-Wa) with respect to the reference mark on the 
fiducial mark plate FM2, the coordinate position at the left end of the wafer stage 
WS2 is (-Wa, y). 

The coordinate position concerning the wafer stage WSl is assumed as follows 
in the same manner as described above. That is, the coordinate position, which is 
obtained when the reference mark is measured by moving the fiducial mark plate FMl 
on the wafer stage WSl up to the position under the projection optical system PL, is 
(0, 0). The amount of movement from this position to the position of the wafer stage 
WSl shown in FIG. 25A is (-Xb). The X coordinate at the right end of the wafer 
stage WSl with respect to the reference mark on the fiducial mark plate FMl is (Wb). 
On this assumption, the coordinate position at the right end of the wafer stage WSl is 
(-Xb+Wb, y). 

The condition, under which the both wafer stages WSl, WS2 make no 
interference with each other, lies in a state in which the left end of the wafer stage 
WS2 makes no contact with the right end of the wafer stage WSl. Therefore, this 
condition may be represented by a conditional expression of 0<-Wa-(-Xb+Wb). 

On the contrary, FIG 25B assumes a state in which the wafer stage WSl is 
moved in the direction of (-Xa) by a predetermined distance from the state shown in 
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FIG 25 A, and the two wafer stages WSl, WS2 are overlapped with each other 
(actually, the two wafer stages are not overlapped with each other, however, when the 
respective wafer stages are independently controlled, there is a possibility that target 
values for the respective stages may be set as shown in FIG. 25B), The coordinate 
position at the left end of the wafer stage WS2 is (-Xa-Wa, y). The condition, under 
which the both wafer stages WSl, WS2 cause interference with each other, lies in a 
state in which the left end of the wafer stage WS2 is contacted or overlapped with the 
right end of the wafer stage WSl . Therefore, this condition may be represented by a 
conditional expression depicted by 0>-Xa-Wa-(-Xb+Wb). 

The conditional expression may be represented by the following general 
expression by using a certain reference point based on the use of the same coordinate: 
Wa+Wb<Xb-Xa ...Conditional Expression 1 

If the conditional expression 1 is satisfied, the two wafer stages can be freely 
moved without any interference with each other. 

On the other hand, if the following conditional expression 2 is satisfied, the two 
wafer stages make contact with each other to cause interference. 
Wa+Wb>Xb-Xa ...Conditional Expression 2 

Therefore, the main control unit 90 controls the movement of the respective 
wafer stages WSl, WS2 to satisfy the conditional expression 1 as far as possible, 
while if a situation in which the conditional expression 2 is satisfied is postulated, it is 
necessary to make control in order to allow any one of the stages to wait so that the 
occurrence of mutual interference between the stages is avoided. The conditional 
expressions 1 and 2 have been explained as two separate individuals for the purpose 
of more comprehensive explanation. However, the two conditional expressions are 
substantially one conditional expression, because there is a relationship in which one 
of the conditional expressions is in contradiction to the other. 

Explanation will be made with reference to a flow chart shown in FIG 26 for a 
sequence to perform control of the movement without causing any interference 
between the both wafer stages by using the main control unit 90 on the basis of the 
conditional expression described above. At first, upon the start of the control 
operation, the main control unit 90 measures the coordinate positions of the two wafer 
stages WS 1 , WS2 by using values obtained by the interferometers based on the use of 
the origin (0, 0) of the same reference position (position of the optical axis of the 
projection optical system PL in this case). The conditional expression 1, which is 
previously stored in the memory 91, is substituted with necessary parameters (Wa and 
Wb in this case). 
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When the stage movement control is started, the main control unit 90 grasps the 
present positions of the two wafer stages WSl, WS2 on the basis of values obtained 
by using the length-measuring axes (for example, BIIX, BI2X) of the interferometers. 
The main control unit 90 is able to calculate and postulate the coordinate positions of 
the stages WSl, WS2 in future, on the basis of driving target values inputted into the 
stage control unit 38. The main control unit 90 determines, from these coordinate 
positions, the movement direction and the movement distance (Xb and Xa in this 
embodiment) of the two stages WSl, WS2 with respect to the reference position to 
substitute the conditional expression 1 therewith. Thus, it is possible to judge 
whether or not the conditional expression 1 (Wa+Wb<Xb-Xa) is satisfied (step S30). 

If the conditional expression 1 is satisfied, no mutual interference occurs 
between the two wafer stages WSl, WS2. Accordingly, the both stages WSl, WS2 
can be independently moved and controlled (step S32). 

If the conditional expression 1 is not satisfied in the step S30, the interference 
occurs between the wafer stages WSl and WS2. Therefore, the main control unit 90 
compares the time until completion of the operation performed on the stage WSl with 
that on the stage WS2 (step S34). If the operation on the stage WS 1 is completed 
earlier, then the main control unit 90 allows the stage WSl to wait, and the wafer 
stage WS2 is preferentially moved and controlled (step S3 6). During the control of 
the movement of the wafer stage WS2, the main control unit 90 always judges 
whether or not a situation is given, in which the conditional expression 1 is satisfied 
(step S3 8). During the period in which the conditional expression 1 is not satisfied, 
the routine returns to the step S3 6 to preferentially move and control the wafer stage 
WS2. If the conditional expression 1 is satisfied in the step S38, the main control 
unit 90 is operated so that the waiting state of the wafer stage WSl is canceled (step 
S40) to independently move and control the wafer stages WSl, WS2 respectively 
(step S32). 

In the step S34, if the operation of the stage WS2 is completed earlier, then the 
main control unit 90 allows the stage WS2 to wait, and the wafer stage WSl is 
preferentially moved and controlled (step S42). During the control of the movement 
of the wafer stage WSl, the main control unit 90 always judges whether or not a 
situation is given, in which the conditional expression 1 is satisfied (step S44). 
During the period in which the conditional expression 1 is not satisfied, the routine 
returns to the step S42 to preferentially move and control the wafer stage WS 1 . If a 
state is given, in which the conditional expression 1 is satisfied in the step S44, the 
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waiting state of the wafer stage WS2 is canceled by the main control unit 90 (step 
S40) to independently move and control the wafer stages WSl, WS2 respectively 
(step S32). 

If the stage movement control is continuously performed by using the main 
control unit 90, the routine returns from the step S46 to the step S30 to repeatedly 
perform the movement control as described above. If the stage movement control is 
not performed, the control operation is ended. 

As described above, the main control unit 90 controls the movement of the two 
stages WSl, WS2 by the aid of the conditional expression and the stage control unit 
38. Thus, it is possible to prevent the both stages from mutual interference. 

When the double exposure method described above is carried out, the operation 
completion time on the stage for performing the exposure operation is later than that 
on the stage for performing the alignment operation, because the exposure operation is 
repeated twice. For this reason, when the mutual interference occurs between the 
stages, then the stage for the alignment, on which the operation is completed earlier, is 
allowed to wait, and the stage for the exposure is preferentially moved. 

However, on the stage for the alignment, it is allowable to concurrently perform 
not only the fine alignment operation as described above but also the wafer exchange 
operation, the search alignment operation, and operations other than the above in 
parallel to one another. Therefore, it is desirable that the operation time on the stage 
for the alignment is shortened as short as possible. 

Accordingly, as shown in FIG. 27B, the most efficient stepping order (El to 
El 2) is set for the wafer W2 for performing the exposure operation, because the 
exposure operation constitutes the rate-limiting condition for the throughput. On the 
contrary, as shown in FIG 27A, several shots of the exposure shots are selected as 
sample shots on the wafer Wl for performing the alignment operation based on EGA. 
In this embodiment, it is assumed, for example, that four shots indicated by symbol 
"A" are selected. The stepping order on the alignment side (Wl) is determined to 
make movement corresponding to the stepping order in the exposure operation for the 
wafer W2, as on the wafer Wl disposed on the alignment side as shown in FIG 28 A. 
As for the wafer W2 shown in FIG 28B, operations during the exposure, for which 
the influence of disturbance should be suppressed, are designated by numerical 
numbers (1 to 12), while stepping operations which are not affected by disturbance 
are indicated by arrows (->). 
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As shown in FIG. 28 A, when the fine alignment operation based on EGA is 
performed on the wafer Wl, the movement order is determined so that the alignment 
operation is performed for the shot areas corresponding to those on the wafer W2 to 
perform the scanning exposure as shown in FIG. 17B for the operation numbers 1 to 5. 
Accordingly, when the movement order of the alignment shots is made to be the same 
as that for the exposure shots, the two stages are moved in parallel to one another 
while maintaining a constant spacing distance therebetween. Therefore, it is possible 
to control the movement without satisfying the interference condition. 

In the case of the wafer Wl shown in FIG 28 A, the alignment order is 
determined as follows. That is, when the operation number is moved from 5 to 6 in a 
stepping manner, the operation skips to the shot area A3 located thereover by one row, 
and when the operation number becomes 7, the operation skips to the shot area A4. 
This is because of the following reason. That is, when the shot area, which is 
indicated by the operation number 6 or 7 on the wafer W2 shown in FIG 28B to be 
subjected to the scanning exposure, is disposed under the projection optical system 
PL, the wafer stage WS2 is at a position spaced apart from the wafer stage WS 1 (the 
wafer W2 is disposed at the most rightward position concerning the position of the 
operation number 6 or 7, because the alignment system is fixedly secured, and the 
wafer is moved). Accordingly, it is possible to relatively freely move the wafer stage 
WSl for performing the alignment operation. As described above, the fine 
alignment time can be further shortened by moving the wafer Wl as shown in FIG 
28A to perform the alignment operation. 

Alternatively, when an alignment mark at one point is detected for every one 
shot area to use all shot areas as sample shots, unlike the sample shots used in the 
alignment sequence described above, it is possible to avoid deterioration of 
throughput. In this procedure, the alignment marks in the shot areas corresponding 
to the exposure order on the wafer W2 are successively measured. The occurrence 
of interference between the stages disappears as described above. Further, when 
such EGA is performed, it is possible to expect fiirther improvement in alignment 
accuracy owing to the averaging effect. 

As explained above, according to the projection exposure apparatus 1 0 
concerning the embodiment of the present invention, the operations of the both stages 
are controlled so that the operations which behave as disturbance factors are 
performed in synchronization with each other, or the operations which do not behave 
as disturbance factors are performed in synchronization with each other, of the 
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operations to be performed on the two wafer stages which independently hold the two 
wafers respectively. Accordingly, the alignment operation can be processed 
concurrently with the exposure operation without decreasing the synchronization 
accuracy when the scanning exposure is performed and without decreasing the mark 
measurement accuracy when the alignment is performed. Thus, it is possible to 
improve the throughput. 

According to the embodiment described above, when the two wafer stages are 
independently moved and controlled in the XY two-dimensional direction, then the 
condition of interference between the two wafer stages (interference condition) is 
previously stored, and the movement is controlled so that the interference condition is 
not satisfied as far as possible. Accordingly, the movement ranges of the both stages 
can be overlapped with each other. Therefore, it is possible to decrease the foot 
print. 

According to the embodiment described above, when the two wafer stages are 
independently moved in the XY direction, if the interference condition is satisfied in 
each of the stages, then the stage on which the operation is completed earlier is 
allowed to wait until the operation is changed, and the other stage is preferentially 
subjected to the movement control. Accordingly, it is possible to avoid the 
interference between the stages without deteriorating the throughput. 

According to the embodiment described above, when arbitrary shots are 
selected as alignment shots from a plurality of shot areas on the wafer to be used in 
the alignment sequence for performing the mark measurement, the order of 
measurement of the alignment shots is determined so that the interference is avoided 
between the both stages as less as possible. Accordingly, it is possible to 
appropriately suppress the case of the interference condition between the stages and 
the case in which one of the stages is allowed to wait as described above. 

In the embodiment described above, the order of alignment shots and the order 
of exposure shots are determined so that the two wafer stages are moved in the same 
direction, if possible. Accordingly, the range of movement of the two wafer stages 
can be decreased as small as possible, and it is possible to miniaturize the apparatus. 
However, when the projection optical system and the alignment system can be 
installed while they are spaced apart from each other by a certain distance, then the 
two wafer stages, which are movable on the base pedestal, may be moved in mutually 
opposite directions in a left-right symmetric manner. Accordingly, the loads act on 
the vibration-preventive mechanism for supporting the base pedestal so that the loads 
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are offset with each other. Therefore, the output of the vibration-preventive 
mechanism can be suppressed to be small, the inclination of the stage and the 
occurrence of vibration are decreased, and the vibration convergence time can be 
shortened. Thus, it is possible to further improve the operation accuracy and the 
throughput. 

In the embodiment described above, explanation has been made for the case in 
which the alignment operation and the wafer exchange operation are processed 
concurrently with the exposure operation. Of course, the present invention is not 
limited thereto. The operation, which may be performed concurrently with the 
exposure operation, includes, for example, base line check (BCHK). A sequence 
such as those for calibration which is performed every time when the wafer exchange 
is performed may be processed concurrently with the exposure operation in the same 
manner as described above. 

[Fourth Embodiment] 

Next, the fourth embodiment of the present invention will be explained with 
reference to FIGS. 29 to 43. In the fourth embodiment of the present invention, the 
pre-measurement AF/AL is performed by using one wafer stage WS, while the 
focus/leveling control is performed on the basis of obtained results of the 
measurement so that the exposure process is executed. 

FIG 29 shows a schematic arrangement of a projection exposure apparatus 214 
according to the fourth embodiment. The projection exposure apparatus 214 is a 
scanning exposure type projection exposure apparatus based on the step-and-scan 
system in the same manner as described in the first embodiment. Basic constitutive 
components of the projection exposure apparatus 214 are the same as those of the 
projection exposure apparatus 10 according to the fu-st embodiment shown in FIG. 1 . 
The same parts or components are designated by the same reference numerals, 
explanation for the construction of which will be omitted. The projection exposure 
apparatus 214 is different from the projection exposure apparatus 10 of the first 
embodiment in the following points. That is, the wafer stage WS is constructed as 
one individual, and the AF/AL systems for measuring the surface position on the 
wafer W for pre-measurement control are provided on one side and the other side of 
the exposure area IF in the scanning direction. Further, the projection exposure 
apparatus 214 comprises an irradiating optical system 151 and a light-collecting 
optical system 161 based on the oblique incidence system constructed so that a 
plurality of detecting points are arranged over a range wider than the width of the 
exposure area IF in the non-scanning direction. Moreover, the wafer stage WS 
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according to the fourth embodiment of the present invention is provided with a 
Z-leveling stage LS as a substrate-driving system for making fme driving and oblique 
driving in the Z axis direction while holding the wafer W. 

As viewed in FIG. 30 illustrating, in a perspective view, the arrangement of the 
AF detecting points for the pre-measurement control with respect to the exposure area 
IF, a detecting area AFE (see FIG. 35), which is constructed by the detecting points 
AF 1 to AF9 in the non-scanning direction (±X direction), is provided in the scanning 
direction (+Y direction) for the exposure area IF. The detecting area AFE is arranged 
over a range larger than the width of the exposure area IF in the non-scanning 
direction. Further, a detecting area ABE (see FIG 35), which is constructed by the 
detecting points ABl to AB9 in the non-scanning direction (±X direction), is provided 
in the scanning direction (-Y direction) for the exposure area IF. The detecting area. 
ABE is arranged over a range larger than the width of the exposure area IF in the 
non-scanning direction. The detecting points AFl to AF9 and the detecting points 
ABl to AB9 are arranged on the front sides in the scanning directions (+Y direction, 
-Y direction) for scanning the exposure area IF respectively. The relative position, 
which indicates the degree of discrepancy of the surface of the wafer W at each of the 
detecting points with respect to a predetermined reference plane, is detected prior to 
the exposure for the shot area. 

FIG. 3 1 shows a side view of FIG 30 as viewed in the scanning direction, FIG 
32 shows a plan view of FIG 32, and FIG. 33 shows a side view of FIG 32 as viewed 
in the non-scanning direction. 

As shown in FIGS. 32 and 33, the light beams, which are radiated from the 
irradiating optical systems 151a, 151b of the oblique incidence type AF/AL system, 
form the detecting points AB 1 to AB9 and the detecting points AF 1 to AF9 extending 
over the surface of the wafer W in the non-scanning direction. The light beams 
reflected by the surface of the wafer W are received by the light-collecting optical 
systems 161a, 161b of the oblique incidence type AF/AL system. This arrangement 
is provided because of the following reason. That is, in general, it is impossible to 
perform measurement for the inside of the exposure area IF by using the oblique 
incidence AF system, because the working distance between the wafer W and the 
lower surface of the projection lens is narrowed in accordance with the increase in 
N.A. (numerical aperture) of the projection lens of the projection optical system PL. 
However, in the present invention, even in such a case, it is intended to execute the 
complete pre-measurement. 
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As shown in FIGS. 3 1 and 33, the fourth embodiment of the present invention is 
constructed as follows. That is, the shape of the projection optical system PL in the 
vicinity of its lower end is an inverted truncated cone. A plurality of irradiating light 
beams coming from the irradiating optical systems 151a, 151b are radiated onto the 
respective positions of the detecting points on the wafer W. The reflected light 
beams coming from the surface of the wafer W pass through the both sides of the 
projection optical system PL, and they are received by the light-collecting optical 
systems 161a, 161b. The arrangement as described above is provided in order that 
the AF light beams are not intercepted in the vicinity of the lower end of the 
projection optical system PL, A parallel flat plate 216 having a rectangular 
configuration is disposed at the lowermost plane of the projection optical system PL 
in conformity with the scanning direction in order to harmonize the extending portion 
of N.A. with the direction of 45° of the projection optical system PL, and in order to 
correct the aberration of the projection lens which constructs the projection optical 
system PL. The AF detecting points, which extend one-dimensionally in the 
non-scanning direction, are arranged at two places as those for +Y scanning and -Y 
scanning, in front of and at the back of the parallel flat plate 216 in the scanning 
direction. For example, when this system is compared with a two-dimensional 
detection type AF mechanism as described in Japanese Laid-open Patent Publication 
No. 6-283403 corresponding to U.S. Pat. No. 5,448,332, then the AF measurement 
cannot be performed at the exposure position, while it is possible to form a long spot 
group extending in the non-scanning direction, and the detecting points are arranged 
one-dimensionally. Accordingly, this system is advantageous in that the offset error, 
which is caused by intra-plane curvature of the respective AF spots in the Z direction, 
can be easily corrected. Further, for example, when a method for forming the 
interference fringe in the non-scanning direction by means of two-directional 
incidence is adopted, the present invention is easily and advantageously applied, 
because the present invention resides in the pre-measurement control method for the 
one-dimensional process for detecting the AF/AL position by means of 
one-dimensional image processing in accordance with the distance error and the 
positional variation of the interference fringe. Moreover, the light beams are divided 
into those for the two places of the detection areas AFE, ABE. Accordingly, when a 
cover which does not intercept the respective light beams is provided so that the 
AF/AL accuracy, which varies depending on the temperature change, is improved by 
allowing a temperature-controlled gas to flow through the inside of the cover, then an 
effect is obtained in that the detection error is further reduced. 

Next, explanation will be made for the pre-measurement control based on the 
use of the projection exposure apparatus 214 according to the fourth embodiment of 
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the present invention, in which the shot array is larger than the outer circumference of 
the wafer W. For example, FIG. 42 shows Comparative Example concerning 
pre-measurement control, in which the shot array is larger than the outer 
circumference of the wafer W. In FIG 42, AF detecting points AF 1 to AF5, which 
are arranged in the non-scanning direction, are disposed on the front side in the 
scanning direction with respect to the exposure area IF subjected to scanning exposure 
(in the direction indicated upwardly by an arrow in the plane of the paper; actually, 
the exposure area IF and the AF detecting points AF 1 to AF5 are fixed, and the wafer 
W is scanned with respect thereto, however, for convenience, the illustration is given 
such that the exposure area IF and the AF detecting points shown in the drawing are 
scanned with respect to the wafer surface). A detecting area AFB, which is 
constructed by the AF detecting points AFl to AF5, is provided to perform AF 
measurement for executing complete pre-measurement control. The width of the 
detecting area AFB is approximately the same as the width of the exposure area IF in 
the non-scanning direction. When the pre-measurement control is made by using the 
projection exposure apparatus constructed as shown in FIG. 42 (Comparative 
Example), AF output values ranging from AF 1 to AF5 are obtained in accordance 
with the movement of the stage as shown in FIG. 43. In FIG. 43, the horizontal axis 
indicates the movement time [t] of the stage, and the vertical axis indicates the relative 
position [jim] in the Z direction with respect to the surface position of the wafer. . As 
shown in the diagram in FIG 43, the detecting points AFS to AF3, which overlap the 
surface of the wafer W, gradually represent the surface position of the wafer in 
accordance with the movement of the detecting points in the scanning direction. 
However, the detecting points AF2 and AFl do not pass over the wafer surface until 
the end. Therefore, no normal output value is obtained for the detecting points AF2 
and AF 1 . As described above, when it is intended to carry out the pre-measurement 
control for all shot areas based on the five-point measurement as illustrated in 
Comparative Example shown in FIGS. 42 and 43, then an error occurs for the shot 
area in the vicinity of the outer circumference of the wafer, and it is impossible to 
perform the AF/AL control in some cases. In order to avoid this inconvenience, it is 
necessary to make change into an AF/AL control sequence for incomplete shot areas 
so that the pre-measurement control is carried out while performing scanning from the 
inside to the outside of the wafer W, or the exposure process is carried out by using 
measurement data on the surface position of the wafer concerning the adjacent shot. 

On the contrary, as shown in FIG 30, in the fourth embodiment of the present 
invention, the width of the AF detecting points in the non-scanning direction is 
widened as compared with the exposure area IF, and thus the surface position of the 
wafer of the adjacent shot area can be measured. Accordingly, the pre-measurement 



107 



control, which scarcely suffers from error, is performed by utilizing the result of the 
measurement. 

FIG 34 shows a plan view of the wafer W, which explains the pre-measurement 
control method based on the use of the AF/AL system according to the fourth 
embodiment. FIG 34 shows grouping for respective shot areas, designated when the 
pre-measurement control is carried out in an order in which the wafer W can be 
exposed most quickly. FIG 35 shows a positional relationship between the exposure 
area IF and the AF detecting points during the focus measurement. In this 
embodiment, it is previously determined that what AF detecting points (AFl to AF9, 
AB 1 to AB9) are used for each of the shot areas to perform the AF measurement, by 
making grouping such as "A, B, C, D, E, F, AF, AB", so as to previously determine the 
positions of the detecting points used for respective groups, as shown in a table in 
FIG 36. In the table shown in FIG 36, the position of the AF detecting point (AFl 
to AF9, ABl to AB9) to be used is indicated in the lateral direction, and the name of 
the group obtained by grouping the respective shot areas is indicated in the vertical 
direction. The control is made by the main control unit 90 so that the 
pre-measurement control is performed by using the AF detecting points (sensors) 
affixed with circle symbols at the crossing positions thereof. 

For example, FIG 37 shows the positional relationship at the point of time to 
start the pre-measurement control for the wafer surface and the AF detecting points 
used when the shot area 2 1 2 of the group A is exposed (for example, when the shot 
area located at the upper-left end in FIG 34 is exposed). In this case, the control is 
made by the main control unit 90 so as to use the AF detecting points AF7, AF8, AF9 
which are located at positions separated from the exposure area IF by a distance L in 
the scanning direction. In this procedure, at the point of time to start the 
pre-measurement control shown in FIG 37, all of the three AF detecting points (AF7, 
AF8, AF9) designated by the main control unit 90 are located on the wafer surface. 
Therefore, the pre-measurement control is performed on the basis of measured values 
measured at the three AF detecting points AF7, AF8, AF9 until completion of the 
exposure for the shot area 212 indicated by broken lines. 

The process shown in FIGS. 36 and 37 resides in the "AF detecting point 
fixation method" in which the AF detecting points to be used are previously fixed 
corresponding to the shot area. In the example shown in FIG. 37, only the detecting 
point AF7 is actually measured in the shot area 212. The AF/AL control based on 
the pre-measurement can be performed by using measured values for the detecting 
points AF8, AF9 disposed on the adjacent shot area. 
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When no incomplete AF detecting point is included in the shot area during the 
pre-measurement control, namely when the group AF or the group AB shown in FIG 
34 is processed, the measurement is performed by using only the detecting points AF3 
to AF7 and AB3 to AB7 located in the shot area designated in the table in FIG 36. 
The detecting points AFl, AF2, AF8, AF9 located outside the shot area are not used. 

In the case of the group E shown in FIG 34, the measurement is performed by 
using the detecting points AFl to AF5 as designated in the table in FIG 36. In the 
case of the group E, the detecting points AF6, AF7 can be measured on the way of the 
process of the pre-measurement control as shown in FIG. 34. Accordingly, the 
accuracy is increased when measured values for the detecting points AF6, AF7 are 
used. However, an advantage is obtained in that the control process effected by the 
main control unit 90 can be simplified in a degree corresponding to the nonnecessity 
to change the AF detecting point used in one time of exposure operation during setting 
for the shot array. Therefore, if the control process has a certain margin, it is 
preferable that the measured values for the detecting points AF6, AF7 are used to 
perform more highly accurate focus/leveling control. 

Next, explanation will be made for pre-measurement control methods other than 
the above. FIG 38 lies in the "AF detecting point movement type" in which the 
focus measurement for the wafer surface is performed for a predetermined shot area 
by moving the AF detecting points in conformity with successive movement in the 
scanning direction of the sensors capable of performing AF measurement on the 
surface of the wafer W without changing the number of AF detecting points to be 
used. In principle, this method is the most excellent measuring method having the 
highest accuracy, of AF measurement methods based on the pre-measurement control. 
When the "AF detecting point movement type" is carried out, the main control unit 90 
makes control so that the AF detecting points are changed on the basis of positional 
information on the outer circumference of the wafer, positional information on the AF 
detecting points, and positional information on the shot area as the exposure objective, 
in order to recognize what AF detecting point overlaps the effective area located 
inside the prohibition zone defined at the circumferential edge portion of the wafer W, 
while moving the wafer W in the scanning direction. For example, in the case of the 
procedure shown in FIG 38, the measurement is firstly performed by using three 
detecting points AF7, AF8, AF9. Secondly, detecting points AF6, AF7, AF8 are 
used. Thirdly, detecting points AF5, AF6, AF7 are used. Finally, detecting points 
AF4, AF5, AF6 are used. In such a way, the sensors are changed so as to select the 
three detecting points, if possible, within the shot area 212 within the effective area on 
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the wafer surface. Accordingly, even when the outer circumferential portion of the 
wafer W» at which the shot area is provided, is subjected to scanning exposure from 
the outside to the inside by moving the exposure area IF (actually, the relative 
scanning is performed by moving the wafer W with respect to the exposure area IF 
which does not make movement), it is possible to quickly drive the wafer surface 
position into the image formation plane of the projection optical system PL by 
performing the pre-measurement control. Thus, it is possible to perform quick and 
highly accurate focus/leveling control. As for the method for the change, it is 
preferable to perform grouping as described above, or it is preferable to always 
monitor the outputs of all of the sensors to use the detecting point which comes within 
an allowable value. 

FIG 39 resides in the "AF sensor number and position variable type" in which 
all detecting points are used provided that the measurement can be performed 
therefor, regardless of the number of the AF detecting points to be used. This 
procedure is characterized in that the averaging effect is enhanced owing to the use of 
a plurality of AF detecting points, making it possible to be scarcely affected by 
camber or the like possibly existing at the outer circumferential portion of the wafer. 
For example, when the reproducibility is unsatisfactory in the AF measurement, this 
effect is further enhanced. In the case of the procedure shown in FIG 39, like in 
FIG 38, the main control unit 90 also makes control so that the AF detecting points 
are changed on the basis of positional information on the outer circumference of the 
wafer, positional information on the AF detecting points, and positional information 
on the shot area as the exposure objective, in order to recognize what AF detecting 
point overlaps the effective area located inside the prohibition zone defined at the 
circumferential edge portion of the wafer W, while moving the wafer W in the 
scanning direction. In this procedure, the number of the AF detecting points is not 
limited. Therefore, the AF/AL measurement is performed by using all of the 
detecting points included in the eflfective area, of the detecting points AFl to AF9. 
Accordingly, even when the shot area located in the vicinity of the outer 
circumferential of the wafer W is subjected to scanning exposure from the outside to 
the inside, it is possible to quickly drive the wafer surface position into the image 
formation plane of the projection optical system PL by performing the 
pre-measurement control. Thus, it is possible to perform quick and highly accurate 
focus/leveling control. 

The use of the pre-measurement control method as described above may be used 
to make addition to the technique described, for example, in Japanese Laid-Open 
Patent Publication No. 6-283403 corresponding to U.S. Pat. No. 5,448,332. Thus, it 
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is possible to perform quick and highly accurate scanning exposure for the respective 
shot areas on the wafer surface in accordance with the most rapid exposure order, 
regardless of classification of shot areas into those located inside the wafer and those 
located in the vicinity of the outer circumference of the wafer. 

Next, explanation will be made for what data are adopted as pre-measurement 
data when the pre-measurement control is performed as described above. It is 
assumed, for example, that the width of the exposure area IF in the scanning direction 
is 6 to 8 mm, and the scanning velocity of the wafer during the exposure is 80 to 90 
mm/sec. While being affected by the waviness frequency of the wafer surface, it is 
desirable for the throughput to give a relationship of the acceleration until the 
pre-measurement AF detecting point arrives at the wafer scanning velocity during 
exposure+the adjustment distance (L=8 to 10 mm), in a degree corresponding to the 
absence of unnecessary run-up. This procedure is executed as follows. That is, the 
pre-measurement position is calculated from information in the data file on the 
position of the outer circumference of the wafer, the coordinate position of the shot 
area, and the distance L from the exposure area IF to the AF detecting point. When 
the pre-measurement start position is located inside the pattern prohibition zone 
(usually about 30 mm; see FIG 30) at the outer circumference of the wafer, the sensor 
corresponding thereto is adopted. However, the outer circumference of the wafer 
tends to be affected by camber and dust. Even in the case of the pre-measurement 
start position set in the data file, the position does not necessarily represent the 
accurate position of the wafer surface. 

Explanation will now be made for the procedure in which the control error 
caused in the aforementioned case is made as small as possible, with reference to 
FIGS. 40 and 41 . In FIG 40, it is assumed that, for example, when the AF detecting 
points AF6 to AF9 are used as in the group C in the "AF detecting point fixation 
method" described above, the pre-measurement control start coordinate is located at a 
position (1) shown in FIG. 41 according to calculation based on the use of the data 
file, however, the position (1) is affected by the pattern prohibition zone, and it fairly 
suffers from de-focusing. In this case, as shown in FIG 41, when the 
pre-measurement control is started at the position (1), the output values of the 
respective sensors are affected by the detecting point AF6. If the result of 
measurement obtained by the pre-measurement involves a sizeable error with respect 
to the target, it seriously affects the leveling control, because the corresponding sensor 
is disposed at the most right end of the AF detecting points. 



111 



If the system is designed such that the pre-measurement point is moved at 80 
mm/sec, and 70% thereof can be subjected to control during scanning, and if the 
detecting point AF6 disposed at the most right end involves an error of not more than 
several |im in the Z axis direction, then the system merely suffers from a small error 
owing to the averaging effect obtained during the pre-measurement control. 
However, if there is an error of several tens \xm in the Z axis direction, and if the 
leveling control is performed by using, as a target value, a result obtained by adding 
such a value including the error, then an error of an unallowable degree is produced. 
For this reason, it is desirable that the pre-measurement is started when the result 
obtained by monitoring data upon the start of the measurement for the 
pre-measurement detecting point is within an allowable range, while when the result 
exceeds the allowable range, the measurement result obtained by the pre-measurement 
control is not used until arrival at the point (2) at which the result is within the 
allowable range. 

In the case of the "AF sensor position movement type" and the "AF sensor 
number and position variable type" described above, it is possible to use only the AF 
detecting points included in the allowable range. 

Further, a certain allowable range may be also set for the measurement error 
concerning the respective detecting points, and the AF detecting points except for the 
AF detecting point which involves a cause to exceed the allowable range may be used. 
By doing so, for example, it is possible to decrease the frequency of occurrence of AF 
error caused by the influence of dust or the like attached to the back surface side of 
the wafer. However, in such a method, it is necessary to allow the wafer surface to 
be previously included within an allowable range with respect to the position for 
making driving into the target AF. Therefore, it is necessary to execute global AF or 
global AF/AL beforehand on the basis of the result of focus measurement during the 
wafer alignment. 

As explained above, according to the projection exposure apparatus 214 
concerning the fourth embodiment of the present invention, a plurality of AF detecting 
points are arranged for the area which is wider in the non-scanning direction than the 
exposure area IF on the wafer W, when the pattern on the reticle R is subjected to the 
scanning exposure onto the wafer W by the aid of the projection optical system PL. 
Further, prior to the exposure for the shot area 212 located in the vicinity of the outer 
circumference of the wafer W, the pre-measurement for the focus is started at the 
point of time at which a part of the plurality of AF detecting points overlap the surface 
of the wafer W. The focus control is started on the basis of the result of the 
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measurement. Accordingly, the focus information on those located at the inside, 
which has not been able to be measured by using the pre-measurement control based 
on the use of the conventional scanning type projection exposure apparatus, can be 
used for the focus control as the pre-measurement data. Therefore, it is possible to 
perform the highly accurate focus control without deteriorating the throughput. 

When one AF detecting point on the surface of the wafer W, of the plurality of 
AF detecting points is used, the leveling control during the exposure is performed by 
using the leveling information on the adjacent shot, or by using the fixed value (for 
example, both of the inclination amount in the X direction and the inclination amount 
in the Y direction are "0"). Accordingly, the pre-measurement control can be started 
even for the incomplete shot area located in the vicinity of the outer circumference of 
the wafer. 

Further, upon execution of the pre-measurement control by using one point of 
the AF detecting point on the surface of the wafer W, when the AF detecting point 
different from the aforementioned point overlaps the surface of the wafer W, the 
pre-measurement is started at the corresponding position. When the leveling control 
can be performed by using the both results of the pre-measurement until the start of 
exposure, the leveling process based on the use of the adjacent shot or the leveling 
correction process based on the use of the fixed value as described above is changed 
to the leveling control process based on the pre-measurement for the inside of the 
shot. By doing so, even in the case of the pre-measurement control for the 
incomplete shot located at the outer circumference portion, it is possible to perform 
the focus/leveling control highly accurately. 

The AF detecting points to be used when the pre-measurement is performed are 
determined on the basis of the positional information on the outer circumference of 
the wafer W, the positional information on the plurality of the AF detecting points, 
and the coordinate positions of the shot areas on the wafer W, at the point of time at 
which the shot array on the wafer W is determined. Alternatively, the detection 
process based on the use of the AF detecting points to be used for the 
pre-measurement control is always executed during the scanning for the wafer. The 
pre-measurement control is started from the point of time at which the detection result 
obtained at any of the detecting points is within the allowable value. Accordingly, 
even if the influence of the outer circumferential edge of the wafer is unexpectedly 
larger than that assumed from the designed coordinate, the focus control is not started 
at that point of time. Therefore, it is possible to avoid occurrence of a large 
focus/leveling error. 
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In the fourth embodiment described above, explanation has been made for the 
case in which one wafer stage is used. However, it is a matter of course that the 
present invention can be carried out in the case of the use of two stages as explained 
in the first to the third embodiments. In this case, it is not necessarily indispensable 
to previously perform the focus measurement by using the alignment system. 
However, for the purpose of higher accuracy, it is preferable to perform the focus 
measurement by using the alignment system. When the focus alignment based on 
the use of the alignment system is not performed, an advantage is obtained in that the 
operation time therefor can be used for the operation time for other purposes. 

[Fifth Embodiment] 

The fifth embodiment of the present invention will now be described with 
reference to FIGS. 44 to 47. 

FIG 44 shows the constitution of an exposure apparatus 1 00 related to the fifth 
embodiment. This exposure apparatus 100 is a step-and-repeat reduced projection 
exposure apparatus (a so-called stepper). 

The projection exposure apparatus 100 comprises an illumination system lOP, a 
reticle stage RST for holding a reticle R as a mask, a projection optical system PL for 
projecting the image of a pattern formed in the reticle R onto a wafer W as a sensitive 
substrate, a wafer stage WSl as a first substrate stage movable on a base 12 in a 
two-dimensional direction XY while holding the wafer W, a wafer stage WS2 as a 
second substrate stage movable on the base 12 in the two-dimensional direction XY 
independently of the wafer stage WSl while holding the wafer W, an interferometer 
system 26 for measuring the positions of the two wafer stages WSl, WS2, and a main 
controller 28 as controller comprising a minicomputer (or a microcomputer) including 
CPU, ROM, RAM and I/O interface, for supervising and controlling the entire 
apparatus. 

The illumination system lOP is composed of a light source (mercury lamp or 
excimer laser), and an illumination optical system comprising a fly eye lens, a relay 
lens, and a condenser lens. This illumination system lOP illuminates a pattern of the 
lower surface of the reticle R (pattern formation surface) with a uniform illuminance 
distribution by illumination light IL for exposure from the light source. The 
illumination light IL for exposure used is an emission line such as i-line from a 
mercury lamp, or excimer laser light from, say, KrF or ArF. 
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Onto the reticle stage RST, the reticle R is fixed via fixing means (not shown). 
The reticle stage RST is finely drivable by a driving system (not shown) in an X-axis 
direction (the right-and-left direction in the sheet face of FIG 44), a Y-axis direction 
(the direction perpendicular to the sheet face of FIG 44), and a 6 direction (the 
direction of rotation in the XY plane). This measure enables the reticle stage RST to 
perform positioning of the reticle R (reticle alignment) such that the center of the 
pattern of the reticle R (the reticle center) practically agrees with the optical axis Ae of 
the projection optical system PL. In FIG 44, the state in which this reticle alignment 
has been performed is illustrated. 

The projection optical system PL has the optical axis Ae lying in a Z-axis 
direction perpendicular to the moving plane of the reticle stage RST. Here, a 
both-sided telecentric system with a predetermined reduction ratio P (P of, say, 1/5) is 
used. Thus, when the reticle R is illuminated at a uniform illuminance by the 
illumination light IL with the pattern of the reticle R being aligned with the shot areas 
on the wafer W, the pattern on the pattern formation surface is reduced by the 
projection optical system PL at the reduction ratio (3. The so reduced pattern is 
projected onto the wafer W coated with a photoresist, whereby the reduced image of 
the pattern is formed in each shot area on the wafer W. 

In the instant embodiment, an X fixed mirror 14X serving as a reference for 
X-axis direction position control during exposure of the wafer stages WSl, WS2 is 
fixed to one side (left side in FIG. 44) surface of the projection optical system PL in 
the X-direction. Similarly, a Y fixed mirror 14Y serving as a reference for Y-axis 
direction position control during exposure of the wafer stages WSl, WS2 is fixed to 
one side (rear side of the sheet face of FIG 44) surface of the projection optical 
system PL in the Y-direction (see FIG 46). 

On the bottom surface of each of the wafer stages WSl, WS2, a gas static 
pressure bearing (not shown) is provided. By these gas static pressure bearings, the 
wafer stages WSl, WS2 are supported floatingly above the base 12 with a clearance 
of about several microns kept between them and the upper surface of the base 12. 
One side (left side in FIG 44) surface in the X-axis direction of each of the wafer 
stages WS 1 , WS2, and one side (rear side of the sheet face in FIG 44) surface in the 
Y-axis direction of each of the wafer stages WSl, WS2 are mirror finished to form 
reflecting surfaces that function as moving mirrors for reflecting a measuring beam 
from the interferometer system 26. 
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Onto the bottom surfaces of the wafer stages WSl, WS2, magnets are fixed. 
Under an electromagnetic force generated by driving coils (not shown) embedded in 
predetermined ranges of the base (concretely, a predetermined region near a site 
below the projection optical system PL, and a predetermined region near a site below 
the alignment microscope WA), the wafer stages WSl, WS2 are moved on the base 12 
in the two-dimensional direction XY. That is, the magnets on the bottom sur&ces of 
the wafer stages WSl, WS2 and the driving coils embedded in the base 12 constitute a 
so-called moving magnet type linear motor as driving means for the wafer stages 
WS 1, WS2. The driving current of the driving coils of this linear motor is controlled 
by the main controller 28. 

On the wafer stages WSl, WS2, wafers W are held by vacuum suction or the 
like via wafer holders (not shown). Onto the wafer stages WSl, WS2, too, reference 
mark plates FMl, FM2 whose surface is as high as the surface of the wafer W are 
fixed. On the surface of the reference mark plate FMl, as shown in the plan view of 
FIG. 45, a mark WM for measurement with a wafer alignment microscope WA to be 
described later on is formed at the center in the longitudinal direction of the surface. 
On both sides of the mark WM in the longitudinal direction, a pair of marks RM are 
formed for use in measuring the relative positional relation with the reticle R via the 
projection optical system PL. On the other reference mark plate FM2, exactly the 
same marks WM, RM are formed. 

In the instant embodiment, moreover, an off-axis alignment microscope WA as 
an alignment system for detecting a position detecting mark (alignment mark) formed 
on the wafer W is provided at a predetermined distance of, say, 3,000 mm from the 
objection optical system PL in a direction at an angle of nearly 45° to the XY axis. 
The wafer W has level differences formed by exposure and processing for the 
previous layers. They include position detecting marks (alignment marks) for 
measurement of the positions of shot areas on the wafer. These alignment marks are 
measured by the alignment microscope WA. 

The alignment microscope WA used here is an FIA (field image alignment) type 
alignment microscope relying on image processing. According to this microscope, 
illumination light emitted from a light source (not shown) which produces broad band 
illumination light, such as a halogen lamp, is cast on the wafer W (or the reference 
mark plate FM) after passing an objective lens (not shown). Reflected light from a 
wafer mark region (not shown) on the surface of the wafer W passes sequentially 
through the objective lens and an indicator plate (not shown), forming an image of the 
wafer mark and an image of the indicator on the indicator plate on an imaging surface 
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of a CCD or the like (not shown). Photoelectric conversion signals of these images 
are processed by a signal processing circuit (not shown) in a signal processing unit 
160. The relative positional relation between the wafer mark and the indicator is 
calculated by a computing circuit (not shown), and this relative positional relation is 
conveyed to the main controller 28. The main controller 28 calculates the position of 
the alignment mark on the wafer W on the basis of the relative positional relation and 
the measured values of the interferometer system 26. 

To one side (left side in FIG 44) surface of the alignment microscope WA in the 
X-axis direction, an X fixed mirror 18X is fixed for serving as a reference for position 
control in the X-axis direction during the alignment action of the wafer stages WSl, 
WS2. Similarly, to one side (rear side of the sheet face of FIG 44) surface of the 
alignment microscope WA in the Y-axis direction, a Y fixed mirror 1 8Y is fixed for 
serving as a reference for position control in the Y-axis direction during the exposure 
action of the wafer stages WSI, WS2. 

Available as the alignment microscope are not only the FIA type, but other 
optical alignment devices such as LIA (laser interferometric alignment) or LSA (laser 
step alignment) devices, other optical devices such as a phase contrast microscope and 
a differential interference microscope, and non-optical devices such as STM (scanning 
tunnel microscope) for detecting the atomic-level irregularities of the surface of a 
specimen by utilizing the tunnel effect, and AFM (atomic force microscope) for 
detecting the atomic- and molecular-level irregularities of the surface of a specimen 
by utilizing atomic force (gravity, repulsion). 

In the projection exposure apparatus 100 of the instant embodiment, reticle 
alignment microscopes 52A, 52B as mark detecting system for simultaneously 
observing an image of the reference mark RM on the reference mark plate FM and a 
reticle alignment mark (not shown) on the reticle R through the projection optical 
system PL are provided above the reticle R. Detection signals SI, S2 from the 
reticle alignment microscopes 52A, 52B are supplied to the main controller 28. In 
this case, deflecting mirrors 54A, 54B for guiding detection light from the reticle R to 
the reticle alignment microscopes 52A, 52B are unitized integrally with the relevant 
reticle alignment microscopes S2A, S2B to constitute a pair of microscope units S6A, 
S6B. Upon start of an exposure sequence, these microscope units 56A, S6B are 
retreated by a mirror driving device (not shown) to positions beyond the reticle pattern 
surface under a command from the main controller 28. 
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Next, the interferometer system 26 of FIG. 44 which manages the positions of 
the wafer stages WSl, WS2 will be described in detail. This interferometer system 
26, actually, is composed of a first laser interferometer 26Xe for X-axis direction 
position measurement, a second laser interferometer 26Ye for Y-axis direction 
position measurement, a third laser interferometer 26Xa for X-axis direction position 
measurement, and a fourth laser interferometer 26Ya for Y-axis direction position 
measurement, as illustrated in FIG 46. These components are representatively 
shown in FIG. 44 as the interferometer system 26. 

The first laser interferometer 26Xe projects onto the X fixed mirror 14X a 
reference beam Xei in the X-axis direction that passes through the center of projection 
of the projection optical system PL. The first laser interferometer 26Xe also projects 
a measuring beam Xe2 onto the reflecting surface of the wafer stage (WSl or WS2). 
Reflected light waves from these two beams are superposed into one for interference. 
Based on this interference state, the displacement of the reflecting surface of the wafer 
stage relative to the fixed mirror 14X is measured. 

The second laser interferometer 26Ye projects onto the Y fixed mirror 14Y a 
reference beam Y^ in the Y-axis direction that passes through the center of projection 
of the projection optical system PL. The second laser interferometer 26Ye also 
projects a measuring beam Ye2 onto the reflecting surface of the wafer stage (WSl or 
WS2). Reflected light waves from these two beams are superposed into one for 
interference. Based on this interference state, the displacement of the reflecting 
surface of the wafer stage relative to the fixed mirror 14Y is measured. 

The third laser interferometer 26Xa projects onto the X fixed mirror 18X a 
reference beam Xai in the X-axis direction that passes through the center of detection 
of the alignment microscope WA. The third laser interferometer 26Xa also projects 
a measuring beam Xa2 onto the reflecting surface of the wafer stage (WSl or WS2). 
Reflected light waves from these two beams are superposed into one for interference. 
Based on this interference state, the displacement of the reflecting surface of the wafer 
stage relative to the fixed mirror 18X is measured. 

The fourth laser interferometer 26Ya projects onto the Y fixed mirror 18Y a 
reference beam Yai in the Y-axis direction that passes through the center of detection 
of the alignment microscope WA. The fourth laser interferometer 26Ya also projects 
a measuring beam Ya2 onto the reflecting surface of the wafer stage (WSl or WS2). 
Reflected light waves from these two beams are superposed into one for interference. 
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Based on this interference state, the displacement of the reflecting surface of the wafer 
stage relative to the fixed mirror 18Y is measured. 

Here, the measuring axis of the first laser interferometer 26Xe that consists of 
the reference beam Xei and the measuring beam Xe2 is called the first measuring axis 
Xe. The measuring axis of the second laser interferometer 26Ye that consists of the 
reference beam Yd and the measuring beam Ye2 is called the second measuring axis 
Ye. The measuring axis of the third laser interferometer 26Xa that consists of the 
reference beam Xai and the measuring beam Xa2 is called the third measuring axis Xa. 
The measuring axis of the fourth laser interferometer 26Ya that consists of the 
reference beam Yai and the measuring beam Ya2 is called the fourth measuring axis 
Ya. The first measuring axis Xe and the second measuring axis Ye intersect each 
other perpendicularly at In the center of projection of the projection optical system PL 
(consistent with the center of the optical axis Ae), while the third measuring axis Xa 
and the fourth measuring axis Ya intersect each other perpendicularly at the center of 
detection of the alignment microscope WA. Because of this constitution, the 
position of the wafer stage can be measured precisely in the direction of each 
measuring axis, without Abbe's error due to yawing or the like of the wafer stage, both 
during measurement of the position detecting mark on the wafer W (alignment mark) 
and during exposure of the wafer W with the pattern. To raise the accuracy of 
measurement, it is more desirable to use two-frequency heterodyne interferometers as 
the above first to fourth laser interferometers. 

Returning to FIG. 44, the measured values of the interferometer system 26 are 
supplied to the main controller 28. The main controller 28 controls the positions of 
the wafer stages WSl, WS2 via the aforementioned linear motors while monitoring 
the measured values of the interferometer system 26. 

As clear also from FIG. 46, the instant fifth embodim^t is constructed such that 
during the exposure of the wafer W on the wafer stage WS 1 or WS2 with the reticle 
pattern through the projection optical system PL, the position of the wafer stage is 
managed by the second laser interferometers 26Xe, 26Ye. During the measurement 
of the position detecting mark on the wafer W (alignment mark) by the alignment 
microscope WA, on the other hand, the position of the wafer stage is managed by the 
third and fourth laser interferometers 26Xa, 26Ya. After completion of the exposure, 
or after completion of the alignment marie measurement, however, each measuring 
axis does not hit the reflecting surface of each wafer stage. Thus, the positional 
control of the wafer stage by the interference system 26 becomes difficult. 
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The projection exposure apparatus 100 of the instant embodiment, therefore, has 
a first robot arm 201 as a moving device for freely moving the wafer stage WSl 
among three locations, i.e., a third position indicated by a virtual line in FIG. 46, a 
second position indicated by a solid line in FIG 46, and a first position at which the 
wafer stage WS2 is located in FIG. 46; and a second robot arm 221 as a moving 
device for freely moving the wafer stage WS2 similarly among the three locations, the 
first position, the second position and the third position. These first and second 
robot arms 201, 221 are also controlled by the main controller 28, and the wafer stage 
position control accuracy of these first and second robot arms 201, 221 is generally 
about +1 \xm. As these robot arms 201, 221, articulated robot arms of a known 
structure are used, and their detailed description is omitted. To realize that position 
control accuracy without fail, upward/downward moving pins as illustrated by the 
numerals 24A, 24B in FIG. 46 may be provided as stoppers. 

A brief explanation for the third, second and first positions will be offered here. 
The third position refers to a wafer replacement position at which the wafer W is 
passed on between a carrier arm 500 constituting part of an external substrate carrier 
mechanism and the wafer stage (WSl, WS2). The second position refers to a 
position at which the alignment of the wafer W on the wafer stage is performed after 
loading of the wafer W is completed, and also an arbitrary position at which the third 
measuring axis Xa and the fourth measuring axis Ya both hit the reflecting surfaces of 
the wafer stage. The first position refers to a position at which the exposure of the 
wafer W on the wafer stage is performed after alignment of the wafer is completed, 
and also an arbitrary position at which the first measuring axis Xe and the second 
measuring axis Ye both hit the reflecting surfaces of the wafer stage. 

In the instant embodiment, as described above, the positions illustrated in FIG 
46 are determined as the first, second and third positions. However, the second 
position may be any position if it satisfies the above-mentioned definition. For 
example, a position at which the mark WM on the reference mark plate FM rests in 
the detection area of the alignment microscope WA may be set as the second position. 
Likewise, the first position may be any position if it satisfies the above-mentioned 
definition. For example, a position at which the mark RM on the reference mark 
plate FM rests in the projection area of the projection optical system PL may be set as 
the first position. 

The following is an explanation for the overall flow of actions of the projection 
exposure apparatus 100 of the instant embodiment constructed as stated above. 
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(1) Assume that the wafer stage WSl lies at the third position, while the wafer 
stage WS2 lies at the first position. First of all, wafer replacement is performed 
between the wafer stage WSl and the carrier arm 500. This wafer replacement is 
carried out by a center lifting (wafer lifting) mechanism above the wafer stage WSl 
and the carrier arm 500 as done in the above-mentioned embodiment. Thus, a 
detailed description is omitted. As stated previously, the positioning accuracy of a 
robot arm is generally abut ±1 \xtn or less, so that the positioning accuracy of the 
carrier arm 500 is also comparable to this value. Prior to this wafer replacement, the 
wafer W has roughly been positioned by a prealignment device (not shown) in the 
directions of X, Y and 9. Thus, its position of loading on the wafer stage does not 
deviate markedly. The loading position of the wafer W relative to the reference 
mark plate FMl, for example, is within the error of ±1 {im or less. 

During the wafer replacement, the wafer stage WSl is not position-controlled 
by a laser interferometer. However, the first robot arm 201 grasps the wafer stage 
WSl, so that the disadvantage of the wafer stage WSl wandering about does not 
occur. During the grasp by the first robot arm 201, the linear motor that drives the 
wafer stage WSl is at a halt (the same holds in the following description). 

Upon completion of wafer replacement (loading of the wafer W onto the wafer 
stage WSl), the main controller 28 controls the first robot arm 201 to move the wafer 
stage WSl to the second position indicated by the solid line in FIG. 46. At this 
position, the main controller 28 resets the third and fourth laser interferometers 26Xa, 
26Ya simultaneously. Upon completion of this resetting, the first robot arm 201 
finishes its role. Thus, the first robot arm 201 is retreated, away from the wafer stage 
WSl, by a drive system (not shown) to a non-interfering position in accordance wdth a 
command from the main controller 28. 

After resetting of the third and fourth laser interferometers 26Xa, 26Ya is 
completed, the main controller 28 controls the wafer stage WS 1 via the 
aforementioned linear motor, while monitoring the measured values of the 
interferometers 26Xa, 26 Ya, so that the mark WM on the reference mark plate FMl 
on the wafer stage WSl is positioned in the detection area of the alignment 
microscope WA. The accuracy of positioning to the second position by the first 
robot arm 201 can be generally about ±1 )im or less, as stated earlier. Since the 
interferometric measuring axes have been reset at this second position, position 
control can be performed afterwards with a resolving power of about 0.01 |am on the 
basis of the design value (the relative positional relation in design between the 
reflecting surface of the wafer stage WS 1 and the mark WM on the reference mark 
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plate). As a result, the wafer stage WSl is positioned with sufficient accuracy for 
measurement of the mark WM by the alignment microscope WA. When the second 
position is set at a position at which the mark WM on the reference mark plate FMl 
on the wafer stage WSl is positioned in the detection area of the alignment 
microscope WA, the movement of the wafer stage WSl after resetting of the 
interferometers is not necessary. This is more desirable from the aspect of 
throughput. 

Then, the alignment microscope WA measures the position of the mark WM 
(A Wx, AWy) on the reference mark plate FM 1 relative to the center of detection 
(center of indicator) of the alignment microscope WA. The main controller 28 
obtains the average values (Xo, Yo) of the measured values of the third and fourth 
laser interferometers 26Xa, 26Ya during this measurement. The outcome shows that 
when the measured values of the laser interferometers 26Xa, 26Ya show (Xo -AWx, 
Yo -AWy) the mark WM on the reference mark plate FMl lies directly below the 
center of detection (center of indicator) of the alignment microscope WA. A series 
of actions of the third and fourth laser interferometers 26Xa, 26Ya will be called 
W-SET in the following description. 

While wafer replacement, interferometer resetting, and a series of actions of the 
W-SET are being performed on the one wafer stage, WSl, in the above manner, the 
actions described below are carried out on the other wafer stage, WS2. 

That is, the wafer stage WS2 is moved to the first position by the second robot 
arm 221 as described previously. The control for positioning to the first position is 
also performed with an accuracy of ±1 \im or less. At the same time that the 
movement of the wafer stage WS2 to the first position is completed, the main 
controller 28 resets the first and second laser interferometers 26Xe, 26Ye. 

Upon completion of this resetting by the first and second laser interferometers 
26Xe, 26Ye, the second robot arm 221 finishes its role. Thus, the second robot arm 
22 1 is retreated, away from the wafer stage WS2, by a drive system (not shown) to a 
non-interfering position in accordance with a command from the main controller 28. 

Then, the main controller 28 controls the position of the wafer stage WS2 via 
the linear motor, while monitoring the measured values of the laser interferometers 
26Xe, 26Ye, so that the marie RM on the reference mark plate FM2 is positioned at a 
position at which it overlaps via the projection optical system PL the reticle alignment 
mark (not shown) formed on the reticle R in the projection area of the projection 
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optical system. In this case, the accuracy of positioning to the first position by the 
second robot arm 22 can be generally about ±1 |ini or less, as stated earlier. Since 
the interferometric measuring axes have been reset at this first position, position 
control can be performed afterwards with a resolving power of about 0.01 |im on the 
basis of the design values (the relative positional relation in design between the 
reflecting surfaces of the wafer stage WS2 and the marks RM on the reference mark 
plate FM2). As a result, the wafer stage WS2 is positioned with necessary and 
sufficient accuracy for the simultaneous observation of the reticle alignment mark and 
the mark RM on the reference mark plate FM by the reticle alignment microscopes 
52A, 52B. 

Then, the reticle alignment microscopes S2A, 52B measure the relative spacings 
(ARX, ARY) between the reticle alignment mark on the reticle R and the mark RM on 
the reference mark plate FM2, namely, the positional deviations (ARX, ARY) of the 
center of the reference mark RM as the reference point on the wafer stage WS2 from 
the center of projection of the pattern image of the reticle R as the predetermined 
reference point in the projection area of the projection optical system PL. The main 
controller 28 takes in these measured values of the reticle alignment microscopes 
52A, 52B, and simultaneously read the measured values (Xi, Yi) of the laser 
interferometers 26Xe, 26Ye. The results show that the positions at which the 
measured values of the laser interferometers 26Xe, 26 Ye become (Xi -ARx, Yi -ARY) 
are the positions at which the reticle alignment mark and the mark RM on the 
reference mark plate FM2 just overlap each other via the projection optical system 
PL. This series of actions after resetting of the first and second laser interferometers 
26Xe, 26Ye will be called R-SET in the following description. 

(2) Then, wafer alignment on the wafer stage WSl side and exposure on the 
wafer stage WS2 side are performed in parallel. After resetting of the third and 
fourth laser interferometers 26Xa, 26Ya, the position of the wafer stage WSl is 
managed based on the measured values of the laser interferometers 26Xa, 26Ya. The 
main controller 28 measures the positions of the position detecting marks (alignment 
marks) for predetermined specific sample shots among a plurality of shot areas on the 
wafer W. The main controller 28 measures these positions on the (Xa, Ya) 
coordinate system based on output ft*om the alignment microscope WA, by moving 
the wafer stage WSl sequentially via the linear motor, while monitoring the measured 
values of the interferometers 26Ya, 26Xa. In this case, the measured values of the 
interferometers (Xo -Ax, Yo -Ay) when the mark WM on the reference mark plate FMl 
comes directly below the center of detection of the alignment microscope WA have 
been obtained. Based on these values and the design values for the relative positions 
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of each alignment mark to the reference mark WM, it is determined by computation 
what the measured values of the laser interferometers 26Ya, 26Xa should be in order 
to position each alignment mark on the wafer W in the detection area of the wafer 
alignment microscope WA, and what position the wafer stage WSl should be moved 
to in order to achieve those values. Based on the results of these computations, the 
wafer stage WSl is moved sequentially. 

To position the wafer W in the directions of X, Y and 0, it suffices to measure, at 
least, two X measurement marks and one Y measurement mark (or one X 
measurement mark and two Y measurement marks). Here, three or more X 
measurement marks not on a straight line, and three or more Y measurement marks 
not on a straight line should be measured as EGA sample shots. 

The measured alignment mark (wafer mark) positions of the respective sample 
shots and the data on arrangement of the designed shot areas are used to perform 
statistical calculation by the least-squares method as disclosed in Japanese Laid-Open 
Patent Publication No. 61-44429, corresponding to U.S. Pat. No. 4,780,617, thereby 
obtaining all data on the arrangement of the plurality of shot areas on the wafer W. 
However, it is desirable to subtract from the results of calculation the aforementioned 
value of the interferometers (Xo -Ax, Yo -Ay), which is obtained when the mark WM 
on the reference mark plate FMl comes directly below the center of detection of the 
alignment microscope WA, so as to convert into data relative to the reference mark 
WA on the reference mark plate FMl. This measure gives a necessary and sufficient 
knowledge of the relative positional relation between the mark WM on the reference 
mark plate FM 1 and the reference point of each shot area on the wafer W. 

In parallel with the fine alignment (EGA) on the wafer stage WSl side, 
superposed exposure of the pattern image of the reticle R and a known pattern of shot 
areas on the wafer W is performed on the wafer stage WS2 side in the following 
manner. 

That is, the main controller 28 positions each shot area on the wafer W in the 
exposure position, while monitoring the measured values of the interferometers 26Ye, 
26Xe, based on the results of measurement of the positional deviations, the coordinate 
position (Xe, Ye) of the wafer stage WS2 at that time, and the coordinate data on the 
arranged shots relative to the reference mark WA on the reference mark plate FM2 
calculated in the same way as in the alignment action. Performing this positioning, 
the main controller 28 exposes the wafer W with the reticle pattern sequentially in the 
step-and-repeat manner, while controlling the opening and closing of the shutter in the 
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illumination optical system. Here, high precision superposition is possible although 
the interferometers 26Xe, 26Ye are reset (the measuring axes of the interferometers 
are interrupted) prior to the exposure of the wafer W on the wafer stage WS2. 
Detailed reasons for this are as follows: The spacing between the mark WM and the 
mark RM on the reference mark plate FM2 is known. As a result of fine alignment 
(EGA) performed previously, the relative positional relation between the mark WM 
on the reference mark plate FM2 and the reference point of each shot area on the 
wafer W has been calculated in the same manner as described earlier. Also, it has 
been measured where on the wafer stage WS2 the reticle alignment mark on the 
reticle R is situated (namely, what is the relative positional relation between the center 
of projection of the pattern image of the reticle (almost consistent with the center of 
projection of the projection optical system PL) as the predetermined reference point in 
the projection area of the projection optical system PL and the mark RM as the 
reference point on the wafer stage WS2). Based on the results of these 
measurements, it is clear what measured values of the first and second laser 
interferometers 26Xe, 26Ye result in the exact superposition of the pattern image of 
the reticle R with each shot area on the wafer W. 

(3) In the foregoing manner, fine alignment (EGA) is completed on the wafer 
stage WSl side, while exposure with the reticle pattern for all the shot areas on the 
wafer W is completed on the wafer stage WS2 side. Then, the wafer stage WSl is 
moved to the first position below the projection optical system PL, while the wafer 
stage WS2 is moved to the third position, the position of wafer replacement. 

In detail, the wafer stage WSl is grasped by the first robot arm 201 and moved 
to the first position in accordance with an instruction from the main controller 28. 
The control for positioning to the first position is performed with an accuracy of ±1 
|im or less. Simultaneously with the completion of movement of the wafer stage 
WSl to the first position, the main controller 28 resets the first and second laser 
interferometers 26Xe, 26Ye. 

Upon completion of this resetting, the first robot arm 201 finishes its role. 
Thus, the first robot arm 201 is retreated, away fi-om the wafer stage WSl, by the 
drive system (not shown) to a non-interfering position in accordance with an 
instruction from the main controller 28. 

Then, the main controller 28 carries out R-SET in the same manner as for the 
wafer stage WS2 side stated earlier. This step results in the measurement of the 
relative spacings (ARx, ARy) between the reticle alignment mark and the mark RM on 
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the reference mark plate FMl, namely, the positional deviations (ARx, ARy) of the 
center of the reference mark RM as the reference point on the wafer stage WS2 from 
the center of projection of the pattern image of the reticle R as the predetermined 
reference point in the projection area of the projection optical system PL, as well as 
the stage coordinate position (Xj, Yi) at the time of measuring the positional 
deviations. 

While the interferometer resetting and the R-SET are being performed on the 
wafer stage WS 1 side in the above manner, the second robot arm 22 1 grasps the wafer 
stage WS2, whose exposure action has been completed, in accordance with an 
instruction from the main controller 28. The second robot arm 22 moves this wafer 
stage WS2 to the wafer passing-on position (third position) for wafer replacement. 
Then, wafer replacement, interferometer resetting and W-SET are performed in the 
same manner as on the wafer stage WSl side that has been mentioned previously. 

(4) Then, the main controller 28, as stated earlier, controls the actions of the 
wafer stages WS 1 and WS2 so that fine alignment (EGA) is performed on the wafer 
stage WS2 side, while the wafer W is sequentially exposed with the reticle pattern by 
the step-and-repeat method on the wafer stage WSl side in parallel with EGA. 

(5) Thereafter, the main controller 28 controls the actions of the stages WSl, 
WS2 and the actions of the first and second robot arms so that the actions of 1 to 4 
explained above will be repeated in sequence. 

A flow of the above-described parallel actions taking place on the two stages, 
WSl and WS2, is illustrated in FIG 47. 

As described above, the projection exposure apparatus 100 related to the fifth 
embodiment can perform an exposure action on one of the wafer stage WS 1 and the 
wafer stage WS2, and a fine alignment action on the other stage in parallel. Thus, 
throughput can be expected to improve markedly in comparison with earlier 
technologies by which wafer replacement (including search alignment), fine 
alignment and exposure were performed sequentially. This is because a fine 
alignment action and an exposure action account for a high proportion of the time 
required for an exposure sequence. 

The above embodiment also makes it a precondition that the measuring axes of 
the interferometer system 26 are interrupted. Thus, it sufTices for the reflecting 
surface (a moving mirror, if any) of each wafer stage to be slightly longer than the 
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wafer diameter. Compared with earlier technologies requiring uninterrupted 
measuring axes, therefore, the wafer stage can be compact and light-weight, so that an 
improvement in stage controlling performance can be expected. 

The embodiment, moreover, makes it a precondition that the measuring axes of 
the interferometer system are interrupted, and the position of the mark on the 
reference mark plate FM on the stage is measured each before alignment and 
exposure. Thus, it produces no disadvantage however long the center distance 
(baseline amount) between the center of projection of the projection optical system PL 
and the center of detection of the alignment microscope WA will be. By providing a 
somewhat large spacing between the projection optical system PL and the alignment 
microscope WA, wafer alignment and exposure can be performed in a time-parallel 
manner, with no interference between the wafer stage WSl and the wafer stage WS2. 

In the above embodiment, furthermore, the interferometer system 26 has the 
first measuring axis Xe and the second measuring axis Ye intersecting perpendicularly 
at the center of projection of the projection optical system PL, and the third measuring 
axis Xa and the fourth measuring axis Ya intersecting perpendicularly at the center of 
detection of the alignment system WA. Thus, the two-dimensional position of the 
wafer stage can be managed accurately both during an alignment action and during 
exposure. 

In addition, the fixed mirrors MX, 14Y, 18X, 18Y for interferometers are fixed 
to the side surfaces of the projection optical system PL and the side surfaces of the 
alignment microscope WA. Unless the positions of the fixed mirrors change during 
alignment and exposure, therefore, disadvantages, such as a fall in the position control 
accuracy of the wafer stage, will not emerge, even if the positions of the fixed mirrors 
change owing to changes over time or vibrations of the apparatus. Thus, 
constructing the alignment microscope WA so as to be movable upward and 
downward would not cause any disadvantage. 

The foregoing fifth embodiment has been described such that the wafer stages 
WSl and WS2 are moved by the first and second robot arms 201, 221 among three 
locations, i.e., the first, second and third positions. However, the present invention is 
in no way limited to this constitution. If the wafer is replaced at the second position, 
for example, the wafer stages WS 1 and WS2 may be moved by the first and second 
robot arms 201, 221 between the first and second positions. In this case, the main 
controller 28 controls the actions of the wafer stages WSl and WS2 so that an 
exposure action for the wafer W on one of these stages and an alignment action for the 
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wafer W on the other stage are performed in parallel. Then, the main controller 28 
causes the first and second robot arms 201, 221 to interchange the positions of both 
stages. 

The fifth embodiment has also been described such that step-and-repeat type 
exposure is performed for the wafer W on the stage on the basis of EGA. However, 
the present invention is in no way limited to this constitution, and the pattern image of 
the reticle may be projected sequentially onto each shot area on the wafer W with 
alignment and exposure being repeated die by die. In this case, the relative position 
of each alignment mark relative to the mark WM formed on the reference mark plate 
FM on the stage is measured during alignment. Thus, the reticle pattern image can 
be superimposed on each shot area based on this relative position in the same manner 
as described above. Such a die-by-die method is desirably adopted when the number 
of the shot areas on the wafer W is small. If the number of the shot areas is large, the 
aforementioned EGA method is desirable from the point of view of preventing a 
decrease in throughput. 

The fifth embodiment has also been described such that the first robot arm 201 
moves one stage, WSl, among three locations, i.e., the first, second and third 
positions, while the second robot arm 221 moves the other stage, WS2, among the 
three locations, i.e., the first, second and third positions. However, the present 
invention is in no way limited to this constitution. It is permissible, for example, to 
employ a method by which one robot arm 201 carries the stage WS 1 (or WS2) to a 
position other than the first, second or third position and frees it there during its 
carriage from the first position to the third position, while the other robot arm 221 
moves this stage WSl (or WS2) from this position to the third position. This makes 
it possible to use one robot arm 201 exclusively for carriage between the second and 
first positions of both stages, and use the other robot arm 221 exclusively for carriage 
between the third and second positions of both stages. 

Also, each laser interferometer constituting the interferometer system 26 may be 
a multi-axis interferometer which can measure not only the rectilinear positions of the 
wafer stage in the X- and Y-direction, but also its yawing or pitching. 

[Sixth Embodiment] 

Next, the sixth embodiment of the present invention will be described with 
reference to FIG 48. The constituent parts identical with or comparable to those in 
the fifth embodiment will be assigned the same numerals or symbols, and their 
explanations will be omitted. 
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The sixth embodiment is characterized in that a wafer stage WSl is constituted 
to be divisible into two parts, i.e., a stage body WSl a and a substrate holding member 
WSlb detachably mounted on the stage body WSl a and having the same shape as the 
stage body WSl a; and that likewise, a wafer stage WS2 is constituted to be divisible 
into two parts, i.e., a stage body WS2a and a substrate holding member WS2b 
detachably mounted on the stage body WS2a and having the same shape as the stage 
body WS2a. 

On the substrate holding members WSlb, WS2b, the wafer W is held by suction 
via a wafer holder (not shown). Reflecting surfaces functioning as moving mirrors 
for an interferometer are formed on the side surfaces thereof. On these substrate 
holding members WSlb, WS2b, reference mark plates FMl, FM2 are provided, 
respectively, on their upper surfaces. 

In this sixth embodiment, parallel processes are performed on the wafer stages 
WSl, WS2 in practically the same manner as in the aforementioned fifth embodiment. 
At a time when an alignment action is completed on one stage side, and an exposure 
action is completed on the other stage side, the main controller 28 controls a first and 
a second robot arm 201 , 22 1 . As a result, the substrate holding member WS 1 b (or 
WS2b) on the alignment-completed stage side is carried (moved) onto the stage body 
WS2a that has stopped at the first position. In parallel, the substrate holding member 
WS2b (or WSlb) on the exposure-completed stage side is carried onto the stage body 
WS la that has stopped at the second position. In this manner, the substrate holding 
members WSlb, WS2b are replaced. During replacement of the substrate holding 
members WSlb, WS2b, the measuring axes of an interferometer system 26 are 
interrupted, making the position control of the wafer stages WSl, WS2 impossible. 
During this period, stage stoppers 30a, 30b appear and hold the stage bodies WSl a, 
WS2a in place. In this case, wafer replacement is performed at the second position 
by a carrier arm (not shown). 

In the instant sixth embodiment, as will be easily imagined from FIG 48, the 
position at which the mark WM on the reference mark plate FM lies in the detection 
area of the alignment microscope WA is determined as the second position; whereas 
the position at which the mark RM on the reference mark plate FM lies in the 
projection area of the projection optical system PL is determined as the first position. 
Thus, the main controller 28 carries out the movement of the substrate holding 
members WSlb, WS2b onto the stage bodies, resetting of the measuring axes of the 
interferometer system 26, and the R-SET or W-SET. 
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The sixth embodiment can obtain comparable eifects to those by the fifth 
embodiment. The sixth embodiment has been described such that the first and 
second robot arms 201, 221 move the substrate holding member between the first and 
second positions. However, as in the first embodiment, the first and second robot 
arms 201, 221 may move the substrate holding member among three locations, i.e., 
the first, second and third positions. In this case, wafer replacement can be 
performed at a site unrelated to the projection optical system PL or the alignment 
microscope WA. Hence, even if the working distance below the alignment 
microscope WA is narrow, for example, there are none of disadvantages such that the 
alignment microscope WA impedes wafer replacement. 

The fifth and sixth embodiments have been described such that robot arms or 
stage stoppers are used as measures during the interruption of the measuring axes of 
the interferometer system 26. The present invention is not limited to this 
constitution. For instance, a two-dimensional grating may be formed on the lower 
surface of the wafer stage, so that the position can be read by an optical encoder fi-om 
below the stage travel surface. Alternatively, there may be employed means capable 
of precisely moving the stage to a next position once the interferometer measuring 
axes are interrupted, or means capable of holding the stage body at a predetermined 
position while stopping it there. 

The fifth and sixth embodiments have also been described such that two wafer 
stages movable independently are provided. However, three or more wafer stages 
which are movable independently may be provided. If three wafer stages are 
provided, an exposure action, an alignment action, and a wafer flatness measuring 
action, for example, can be performed in parallel. There may be a plurality of the 
projection optical systems PL and alignment microscopes WA. If a plurality of the 
projection optical systems PL are present, an alignment action and two different 
patterns of exposure actions can be performed in parallel. This is suitable for double 
exposure or the like. 

The above embodiments have been illustrated in which the present invention 
was applied to a step-and-repeat projection exposure apparatus. However, the range 
of application of this invention is not restricted to this constitution. This invention is 
applicable not only to a step-and-scan projection exposure apparatus, but to other 
types of exposure apparatuses, such as an electron beam direct drawing device. 

Possibilities for Industrial Application 
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As explained above, according to the projection exposure apparatus and the 
projection exposure method of the invention, it possible to further improve the 
throughput. According to the projection exposure apparatus and the projection 
exposure method of the invention, an excellent effect, which has not been obtained in 
the conventional technique, is obtained in that it is possible to improve the 
throughput, miniaturize the substrate stage, and reduce the w^eight of the substrate 
stage. According to the projection exposure apparatus and the projection exposure 
method of the invention, it is possible to further improve the throughput and avoid any 
mutual influence of disturbance between two substrate stages. 

According to the projection exposure apparatus and the projection exposure 
method of the invention, it is possible to further improve the throughput and avoid any 
mutual interference between the two substrate stages. According the exposure 
method of the invention, it is possible to improve throughput and determine the size of 
the substrate stage regardless of the baseline amount. According to the exposure 
apparatus of the invention, it is possible to improve throughput by the parallel 
execution of an exposure action on one substrate stage and an alignment action on the 
other substrate stage. 

According to the projection exposure apparatus and the projection exposure 
method of the invention, it is possible to perform the highly accurate focus/leveling 
control while further improving the throughput. According to the projection 
exposure method of the invention, it is possible to perform the highly accurate 
focus/leveling control while further improving the throughput, even in the case of the 
use of EGA in which the positional adjustment is performed with respect to the mask 
on the basis of the arrangement of the sample shot areas. According to the 
projection exposure apparatus of the invention, it is possible to perform the highly 
accurate focus/leveling control while improving the throughput, by using, as the 
pre-measurement data for the focus control, the focus information on those located at 
the inside which could not be subjected to pre-measurement when the shot areas 
located in the vicinity of the outer circumference of the sensitive substrate are 
exposed. 

According to the scanning exposure method of the invention, it is possible to 
perform the highly accurate focus/leveling control while further improving the 
throughput. Therefore, the exposure apparatus and the exposure method of the 
invention are extremely suitable for producing semiconductor elements and liquid 
crystal display elements by means of the photolithography process. 
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Scope of Patent Claims 



1 . An exposure apparatus for exposing a plurality of areas divided on a sensitive 
substrate respectively with a predetermined pattern, the exposure apparatus 
comprising: 

a plurality of stages, each holding a sensitive substrate thereon, while moving 
independently between a positional information measuring section, in which 
positional information of the respective divided areas on the sensitive substrate are 
measured, and an exposure section, wherein each stage has a reference mark for 
determining a relative position of each divided area on the sensitive substrate on the 
stage, and the alignment of each divided area on the sensitive substrate is performed 
in the exposure section using the relative position of each divided area with respect to 
the reference mark measured in the positional information measuring section. 

2. The exposure apparatus according to claim 1, comprising: a plurality of measuring 
system for measuring position of the stage positioned on the positional information 
measuring section and on the exposure section, wherein the measuring system 
independently measures the stage position only in one section. 

3. The exposure apparatus according to claim 1 or 2, further comprising: positional 
information detecting systems in the positional information measuring section and the 
exposing section, respectively, wherein the positional information detecting systems 
measure or determine the position of each divided area of the sensitive substrate with 
respect to the reference mark. 

4. The exposure apparatus according to any one of claims 1 to 3, fiirther comprising: a 
storing apparatus for storing positional information of each divided area on the 
sensitive substrate which has been determined in the positional information measuring 
section. 

5. The exposure apparatus according to claim 4, which is a step-and-scan type 
projection exposure apparatus. 

6. A projection exposure apparatus for exposing a sensitive substrate by projecting a 
pattern formed on a mask through a projection optical system onto the sensitive 
substrates, comprising: 

a first substrate stage which is movable on a two-dimensional plane while 
holding a sensitive substrate, the first substrate stage having a reference mark formed 
thereon; 
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a second substrate stage which is movable independently from the first substrate 
stage on the same plane as that for the first substrate stage while holding a sensitive 
substrate, the second substrate stage having a reference mark formed thereon; 

at least one mark detecting system provided apart from the projection optical 
system, for detecting reference mark on the substrate stage or a mark on the sensitive 
substrate held on the substrate stage; and 

a controller for controlling operations of the both stages so that one of the first 
and second substrate stages performs a mark-detecting operation eflfected by the mark 
detecting system, while the other stage performs an exposure operation. 

7. The projection exposure apparatus according to claim 6, further comprising: a 
transport system for delivering the sensitive substrate with respect to the first and 
second substrate stages, 

wherein the controller controls the operations of the both stages so that one of 
the substrate stages performs the delivery of the sensitive substrate with respect to the 
transport system and the mark-detecting operation effected by the mark detecting 
system, during which the other stage performs the exposure operation effected by the 
projection optical system. 

8. The projection exposure apparatus according to claim 7, wherein the mark 
detecting systems are arranged on both sides of the projection optical system along a 
predetermined direction, and the controller is operated such that the reference mark on 
the first substrate stage or the mark on the sensitive substrate held on the first 
substrate stage is detected by using the one mark detecting system and the reference 
mark on the second substrate stage or the mark on the sensitive substrate held on the 
second substrate stage is detected by using the other mark detecting system. 

9. A projection exposure method for exposing a sensitive substrate by projecting a 
pattern formed on a mask through a projection optical system onto the sensitive 
substrates, comprising the steps of: 

preparing two substrate stages each of which is movable independently on a 
two-dimensional plane while holding a sensitive substrate; and 

performing, by using one stage of the two substrate stages, at least one of an 
exchange operation for the sensitive substrate and a detecting operation for a mark on 
the one stage or on the sensitive substrate held on the one stage, while executing an 
exposure operation for the sensitive substrate by using the other stage of the two 
substrate stages. 
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10. The projection exposure method according to claim 9, wherein the operations of 
the two substrate stages are changed to one another at a point of time of completion of 
the operations of the two substrate stages. 

1 1 . A method for exposing a sensitive substrate by projecting a pattern formed on a 
mask through a projection optical system onto the sensitive substrates, comprising the 
steps of: 

preparing two substrate stages independently movable in the same plane while 
each holding a sensitive substrate; 

exposing the sensitive substrate held on one of the two substrate stages with the 
pattern image of the mask through the projection optical system; 

measuring the positional relation between an alignment mark on the sensitive 
substrate held on the other of the two substrate stages and a reference point on the 
other stage during exposure of the sensitive substrate held on the one substrate stage; 

detecting the positional deviation of the reference point on the other substrate 
stage from a predetermined reference point in a projection area of the projection 
optical system and the coordinate position of the other substrate stage, with the 
reference point on the other substrate stage being positioned in the projection area, 
after completion of exposure of the sensitive substrate held on the one substrate stage; 
and 

controlling the movement of the other substrate stage on the basis of the 
detected positional relation, the detected positional deviation and the detected 
coordinate position to perform alignment between the sensitive substrate held on the 
other stage and the pattern image of the mask 

12. A projection exposure apparatus for exposing a sensitive substrate by projecting a 
pattern through a projection optical system onto the sensitive substrates, comprising: 

a first substrate stage, on which a reference mark is formed, moving in a 
two-dimensional plane while holding a sensitive substrate; 

a second substrate stage, on which a reference mark is formed, moving in the 
same plane in which the first substrate stage moves independently of the first substrate 
stage while holding a sensitive substrate; 

a mark detecting system, provided apart from the projection optical system, for 
detecting the reference mark on the substrate stage or a mark on the sensitive substrate 
held on the stage; 

an interferometer system for measuring the two-dimensional positions of the 
first substrate stage and the second substrate stage; 

a moving device for moving each stage between a predetermined first position 
in a stage moving range during exposure during which the sensitive substrate held on 
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the stage is exposed through the projection optical system, and a predetermined 
second position in a stage moving range during mark detecting during which the mark 
on the stage or the mark on the sensitive substrate held on the stage is detected by the 
mark-detecting system; and 

a controller for controlling the actions of the first substrate stage and the second 
substrate stage while monitoring the measured values of the interferometer system so 
that during exposure of the sensitive substrate held on one of the first substrate stage 
and the second substrate stage, a mark detecting action by the mark detecting system 
is performed on the other of the first substrate stage and the second substrate stage, 
and then controlling the moving device to interchange the positions of the one 
substrate stage and the other substrate stage. 

13. The projection exposure apparatus according to claim 12, wherein the 
interferometer system has the fu*st measuring axis and the second measuring axis 
intersecting each other perpendicularly at the center of projection of the projection 
optical system, and the third measuring axis and the fourth measuring axis intersecting 
each other perpendicularly at the center of detection of the mark detecting system, and 
the controller resets the measuring axes of the interferometer system in interchanging 
the positions of the one stage and the other stage. 

14. An exposure apparatus for exposing a sensitive substrates by projecting a pattern 
on the sensitive substrate through a projection optical system comprising: 

a first substrate stage, on which a reference mark is formed, for moving in a 
two-dimensional plane while holding a sensitive substrate; 

a second substrate stage, on which a reference mark is formed, for moving in the 
same plane in which the first substrate stage independently of the first substrate stage 
while holding a sensitive substrate; 

a mark detecting system provided apart from the projection optical system, for 
detecting the reference mark formed on the substrate stage or an alignment mark on 
the sensitive substrate held on the stage; 

an interferometer system for measuring the two-dimensional positions of the 
first substrate stage and the second substrate stage; 

a moving device for moving each stage among three locations, i.e., a 
predetermined first position in a stage moving range during exposure during which 
the sensitive substrate held on the stage is exposed through the projection optical 
system, a predetermined second position in a stage moving range during alignment 
during which the mark on the stage or the mark on the sensitive substrate held on the 
stage is detected by the mark detecting system, and a third position at which the 
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sensitive substrate is passed on between the stage and an external substrate carrier 
mechanism; and 

a controller for controlling the first and second substrate stages and the moving 
device so that while the position of one of the first and second substrate stages is 
being managed by the interferometer system and the sensitive substrate held on the 
one stage is being exposed with the pattern through the projection optical system, the 
replacement of the sensitive substrate, and an alignment action for measuring the 
positional relation between the alignment mark on the sensitive substrate and a 
reference mark on the other stage based on the results of detection by the mark 
detecting system and the measured values by the interferometer system are 
sequentially performed on the other of the first and second substrate stages, and for 
controlling the two stages and the moving device so that after the actions on the two 
stages are both completed, the actions to be performed on the two stages are 
interchanged. 

15. The exposure apparatus according to claim 14, further comprising: a mask with 
the pattern formed thereon, wherein the pattern image formed on the mask via the 
projection optical system is projected onto the sensitive substrates on the first 
substrate stage and the second substrate stage. 

16. The exposure apparatus according to claim 15, wherein the interferometer system 
has a first measuring axis and a second measuring axis intersecting each other 
perpendicularly at the center of projection of the projection optical system, and a third 
measuring axis and a fourth measuring axis intersecting each other perpendicularly at 
the center of detection of the mark detecting system, and the controller resets the first 
and second measuring axes of the interferometer system in moving each of the two 
stages to the first position, and resets the third and fourth measuring axes of the 
interferometer system in moving each of the two stages to the second position. 

17. The exposure apparatus according to claim 16, further comprising: a mark 
position detector for detecting the relative positional relation between the center of 
projection of the pattern image of the mask formed by the projection optical system 
and the reference mark on the stage via the mask and the projection optical system. 

1 8. The exposure apparatus according to any one of claims 1 2 to 17, wherein 

each of the substrate stages have a stage body, and a substrate holding member 
detachably mounted on the body for holding the substrate, a reflecting surface for an 
interferometer is provided on the side surface of the substrate holding member, and a 
reference mark is formed on the upper surface of the substrate holding member, 
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wherein the moving device moves the substrate holding member among the 
respective locations instead of the substrate stage. 

19. The exposure apparatus according to any one of claims 12 to 18, wherein the 
moving device is composed of a robot arm. 

20. The exposure apparatus according to any one of claims 12 to 19, wherein fixed 
mirrors serving as a reference for measurement by the interferometer are attached to 
the projection optical system and the mark detecting system, respectively. 

21. The exposure apparatus according to any one of claims 12 to 20, further 
comprising: at least one other substrate stage movable independently of the two 
substrate stages in the same plane as for these stages while holding a sensitive 
substrate, in addition to the first substrate stage and the second substrate stage. 

22. A projection exposure apparatus for exposing a plurality of shot areas divided on a 
sensitive substrate by projecting an image of a pattern formed on a mask via a 
projection optical system onto each of the shot areas, comprising: 

a first substrate stage which is movable on a two-dimensional plane while 
holding a sensitive substrate; 

a second substrate stage which is movable independently from the first substrate 
stage on the same plane as that for the fu*st substrate stage while holding a sensitive 
substrate; 

a positional information detecting system for detecting the positional 
information of at least one shot area of the sensitive substrate held on the substrate 
stage provided apart from the projection optical system; 

substrate-driving systems provided for the first substrate stage and the second 
substrate stage respectively, for adjusting surface positions of the sensitive substrates 
held on the stages; and 

a controller for controlling the two stages so that a positional information 
detecting operation based on the use of the positional information detecting system is 
performed for one stage of the first substrate stage and the second substrate stage, 
during which an exposure operation based on the use of the projection optical system 
is performed for the other of the stages, thereafter controlling one of the stages so that 
the exposure operation based on the use of the projection optical system is performed 
for the one of the stages, and controlling the substrate-driving system for the one of 
the stages to perform an alignment of the shot area in exposure, using information on 
a surface position of the shot area resulted from the positional information detection. 
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23. The projection exposure apparatus according to claim 22, wherein the positional 
information detecting system comprises at least one alignment system for measuring a 
mark on the sensitive substrate held on the substrate stage and a first detecting system 
for detecting positional information of a surface of the sensitive substrate during 
measurement operation of the mark based on the use of the alignment ^stem. 

24. The projection exposure apparatus according to claim 23, further comprising: a 
second detecting system for detecting positional information of a surface of the 
sensitive substrate during exposure operation based on the use of the projection 
optical system, wherein the controller controls the two stages so that the detection by 
using the positional information detecting system for one of the stages of the first 
substrate stage and the second substrate stage is performed, during which the exposure 
operation based on the use of the projection optical system is performed for the other 
of the stages, and then controls the one of the stages so that the exposure operation 
based on the use of the projection optical system is performed for the one of the 
stages, while controlling the substrate-driving system for the one stage on the basis of 
the detection result obtained by using the first detecting system during the 
mark-measuring operation for the one stage and the detection result obtained by using 
the second detecting system during the exposure operation for the one stage to 
perform an alignment in the exposure of the shot area. 

25. The projection exposure apparatus according to claim 24, which is a scanning type 
projection exposure apparatus for exposing sensitive substrates with an image of a 
pattern formed on a mask by moving the sensitive substrate in a scanning direction 
with respect to an exposure area which is conjugate to an illumination area 
illuminated with an illumination light beam, in synchronization with movement of the 
mask in the scanning direction with respect to the illumination area, wherein the 
controller controls the two stages so that the detection by using the positional 
information detecting system for one stage of the first substrate stage and the second 
substrate stage is performed, during which the exposure operation based on the use of 
the projection optical system is performed for the other of the stages, and then, when 
the one stage is controlled so that the exposure operation based on the use of the 
projection optical system is performed for the one stage, upon exposure for shot areas 
in the vicinity of outer circumference which are set to be subjected to scanning from 
the outside to the inside of the sensitive substrate with respect to the exposure area, of 
a plurality of shot areas on the sensitive substrate held on the one of the stages, the 
controller controls the substrate-driving system on the basis of a detection result 
obtained by using the first detecting system during detecting the positional 
information of the one stage and a detection result obtained by using the second 
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detecting system during the exposure operation for the one stage, and the controller 
controls the substrate-driving system for the one stage by using only the detection 
result obtained by using the second detecting system upon exposure for the other shot 
areas than the shot areas in the vicinity of outer circumstance to perform an alignment 
in the exposure of the shot area. 

26. A projection exposure method for exposing sensitive substrates with an image of a 
pattern formed on a mask via a projection optical system, comprising the steps of: 

preparing two substrate stages which is movable independently on an identical 
two-dimensional plane while each holding a sensitive substrate; 

measuring positional information of at least one shot area on the sensitive 
substrate held on one stage of the two stages; 

exposing the sensitive substrate held on the other stage of the two stages with 
the image of the pattern formed on the mask during the period in which the measuring 
operation for the positional information is performed for the one of the stages; 

and exposing the sensitive substrate held on the one of the stages, after 
completion of the exposure operation performed for the other of the stages, while 
adjusting a surface position of the sensitive substrate held on the one of the stages on 
the basis of the measured positional information. 

27. The projection exposure method according to claim 26, wherein the positional 
information of the shot areas includes alignment information of the shot areas and 
plane positional information of the shot areas. 

28. The projection exposure method according to claim 27, wherein the plane 
positional information of the shot areas is measured as the relative position with 
respect to the predetermined reference plane of the sensitive substrate. 

29. A projection exposure apparatus for exposing a sensitive substrate by projecting an 
image of a pattern formed on a mask via a projection optical system onto the sensitive 
substrates, comprising: 

a first substrate stage on which a reference mark is formed, for moving in a 
two-dimensional plane while holding a sensitive substrate; 

a second substrate stage on which a reference mark is formed, for moving in the 
same plane as for the first substrate stage independently of the first substrate stage 
while holding a sensitive substrate; 

at least one a mark detecting system provided apart from the projection optical 
system, for detecting the reference mark on the substrate stage or an alignment 
mark-on the sensitive substrate held on the substrate stage; and 
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an interferometer system provided with a first length-measuring axis for 
measuring a position of the first substrate stage in a direction of a first axis from one 
side in the direction of the first axis passing through a projection center of the 
projection optical system and a detection center of the mark detecting system, a 
second length-measuring axis for measuring a position of the second substrate stage in 
the direction of the first axis from the other side in the direction of the first axis, a 
third length-measuring axis which perpendicularly intersects the first axis at the 
projection center of the projection optical system, and a fourth length-measuring axis 
which perpendicularly intersects the first axis at the detection center of the mark 
detecting system, the int^ferometer system measuring two-dimensional positions of 
the first and second substrate stages respectively by using the length-measuring axes. 

30. The projection exposure apparatus according to claim 29, further comprising: a 
controller for controlling the first substrate stage and the second substrate stage, so 
that a position of one stage of the first substrate stage and the second substrate stage is 
managed based on the use of a measured value obtained by using the third 
length-measuring axis of the interferometer system, while exposing the sensitive 
substrate on the one stage, during which a positional relationship between an 
alignment mark on the sensitive substrate held on the other stage and a reference mark 
on the other stage is obtained based on the use of a detection result obtained by using 
the mark detecting system and a measured value obtained by using the fourth 
length-measuring axis of the interferometer system, and after exposing the one 
sensitive substrate, a position of the other stage is measured by using the third 
length-measuring axis, while a relative positional relationship between the reference 
mark on the other stage and a predetermined reference point within a projection area 
of the projection optical system is obtained. 

3 1 . The projection exposure apparatus according to claim 30, wherein the 
interferometer of the third length-measuring axes is reset when the other stage is 
moved to a position at which the relative positional relationship between the reference 
mark on the other stage and the predetermined reference point within the projection 
area of the projection optical system. 

32. The projection exposure apparatus according to claim 30, further comprising: 
another mark detecting system having a detection center on the first axis, disposed on 
a side opposite to the mark detecting system with respect to the projection optical 
system. 
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wherein the interferometer system is further provided with a fifth 
length-measuring axis which perpendicularly intersects the first axis at a detection 
center of the another mark detecting system; and 

the controller controls the first and the second stage for managing the position 
of the one substrate stage based on the use of the measured value obtained by the third 
length-measuring axis of the interferometer system, while exposing the sensitive 
substrate held on the one stage during which the positional relationship between the 
alignment mark on the sensitive substrate held on the other stage and the reference 
mark on the other stage is obtained based on the use of the detection result obtained 
by using the mark detecting system and the measured value obtained by using the 
fourth length-measuring axis of the interferometer system, and, after exposing the one 
stage, moving the one stage so that, the reference mark on the one stage is positioned 
within the another mark detecting system while the position of the one stage is 
measured based on the use of the measured value obtained by using the fifth 
length-measuring axis. 

33. The projection exposure apparatus according to claim 32, wherein the 
interferometer of the fifth length-measuring axes is reset when the one stage is moved 
so that the reference mark of the one stage is positioned within the detection area of 
the another mark detecting system. 

34. The projection exposure apparatus according to claim 32, ftirther comprising: a 
transport system for receiving and transmitting the sensitive substrate between the 
first substrate stage and the second substrate stage, 

wherein the controller controls the one stage so as to position the reference mark 
thereon within the detection area of the another mark detecting system, and at the 
position, the substrate is received and transmitted between the one stage and the 
transport system. 

35. The projection exposure apparatus according to claim 30, wherein the 
predetermined reference point within the projection area of the projection optical 
system is the projection center for the image of the pattern formed on the mask, and 
the projection exposure apparatus fiirther comprises a mark position-detector for 
detecting a relative positional relationship between the projection center for the image 
of the pattern formed on the mask and reference marks on the stage, via the mask and 
the projection optical system. 
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36. The projection exposure apparatus according to claim 29, the mark detecting 
systems are disposed on one side and the other side of the projection optical system in 
the direction of the first axis. 

37. The projection exposure apparatus according to claim 29, further comprising: a 
controller for controlling movement of the first and second substrate stages on the 
basis of a result of measurement performed by the interferometer system so that each 
of the first and second substrate stages is capable of performing an exposure operation 
effected by the projection optical system and a mark-detecting operation effected by 
the mark detecting system. 

38. The projection exposure apparatus according to claim 37, wherein the controller 
changes the third length-measuring axis and the fourth length-measuring axis of the 
interferometer system between detection of the mark effected by the mark detecting 
system and exposure effected by the projection optical system for the first and second 
substrate stages respectively. 

39. A method for exposing sensitive substrates by projecting an image of a pattern on 
a mask via a projection optical system onto the sensitive substrates, comprising the 
steps of: 

using two substrate stages each of which is movable independently on an 
identical plane while each holding a sensitive substrate; 

measuring a position of one stage of the two stages by using a first 
interferometer, while exposing the sensitive substrate held on the one stage; 

measuring the position of the other stage by using a second interferometer 
during exposure for the substrate held on the one stage, while measuring a positional 
relationship between an alignment mark on the substrate held on the other stage and a 
reference mark on the other stage; 

moving the other stage to a position at which a positional relationship between 
the reference mark on the other stage and a predetermined reference point within a 
projection area of the projection optical system is obtained, after completion of the 
exposure for the substrate on the one stage; and 

performing alignment for the sensitive substrate held on the other stage and the 
image of the pattern on the mask, by using the first interferometer, on the basis of the 
relationship between the alignment mark on the substrate held on the other stage and 
the reference mark on the other stage, and a relationship between the reference mark 
on the other stage and the predetermined reference point within the projection area of 
the projection optical system. 
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40. A projection exposure apparatus for exposing a sensitive substrate by projecting an 
image of a pattern formed on a mask via a projection optical system onto the sensitive 
substrates, comprising: 

a first substrate stage which is movable on a two-dimensional plane while 
holding a sensitive substrate; 

a second substrate stage which is movable independently from the first substrate 
stage on the same plane as that for the first substrate stage while holding a sensitive 
substrate; 

a transport system for delivering the sensitive substrate with respect to the first 
and second substrate stages; and 

a controller for controlling operations of the both stages so that one stage of the 
first and second substrate stages performs delivery of the sensitive substrate with 
respect to the transport system, during which the other stage performs an exposure 
operation, 

4 1 . The projection exposure apparatus according to claim 6, 29 or 40, further 
comprising: 

a mask stage which is capable of simultaneously carrying a plurality of masks; 

and 

a driving system for driving the mask stage so that any of the masks is 
selectively set at an exposure position. 

42. The projection exposure apparatus according to claim 6, 29, 40 or 41, wherein the 
mask is carried on the mask stage which is movable in a predetermined direction, and 
the projection exposure apparatus further comprises a stage controller for exposing the 
sensitive substrate by projection with the pattern formed on the mask, while 
synchronously moving the mask stage with respect to any one of the first and second 
substrate stages. 

43. A projection exposure apparatus for exposing sensitive substrates by projecting an 
image of a pattern formed on a mask via a projection optical system onto the sensitive 
substrates, comprising: 

a first substrate stage which is movable on a two-dimensional plane while 
holding a sensitive substrate; 

a second substrate stage which is movable independently from the first substrate 
stage on the same plane as that for the first substrate stage while holding a sensitive 
substrate; 

an interferometer system for measuring two-dimensional positions of the first 
substrate stage and the second substrate stage respectively; 
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a storing device which stores an interference condition for the interferometer 
system to be used when the first substrate stage and the second substrate stage cause 
interference with each other; and 

a controller for controlling movement of the both stages to cause no interference 
with each other while monitoring a measured value obtained by the interferometer 
system on the basis of the interference condition stored in the storing device. 

44. The projection exposure apparatus according to claim 43, further comprising: 

an alignment system provided apart from the projection optical system, for 
detecting a reference mark on the substrate stage or a mark on the sensitive substrate 
held on the substrate stage; and 

a transport system for delivering the sensitive substrate with respect to the first 
substrate stage and the second substrate stage, 

wherein the controller controls the two substrate stages so that one stage of the 
substrate stages performs at least one operation of a mark-detecting operation 
performed by the alignment system and a sensitive substrate-delivering operation with 
respect to the transport system, while a measured value obtained by using the 
interferometer system is monitored, on the basis of the interference condition, during 
which the other stage is subjected to an exposure operation performed by using the 
projection optical system, and when the controller controls such that when the both 
stages come to positions to cause interference with each other, the stage of the both 
stages, which takes a longer time until completion of the operation, is preferentially 
moved until the both stages are in a positional relationship of no interference, during 
which the stage, which takes a shorter time until completion of the operation, is 
allowed to wait. 

45. A projection exposure apparatus for exposing sensitive substrates by projecting an 
image of a pattern formed on a mask via a projection optical system onto the sensitive 
substrates, comprising: 

a first substrate stage, on which a reference mark is formed, moving on a 
two-dimensional plane while holding a sensitive substrate; 

a second substrate stage, on which a reference mark is formed, for moving 
independently from the first substrate stage on the same plane as that for the first 
substrate stage while holding a sensitive substrate; 

an alignment system provided apart from the projection optical system, for 
detecting the reference mark on the substrate stage or a mark on the sensitive substrate 
held on the substrate stage; and 

a controller for controlling the two stages so that a mark-detecting operation is 
performed by the alignment system for the sensitive substrate held on one stage of the 
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first substrate stage and the second substrate stage, concurrently with which an 
exposure operation is performed for the sensitive substrate held on the other stage, 
while an operation, which is included in the mark-detecting operation to be performed 
on the one stage and which affects the other stage, is performed in synchronization 
with an operation which is included in the exposure operation to be performed on the 
other stage and which affects the one stage, and for controlling the operations of the 
two substrate stages so that operations, which are included in the respective operations 
to be performed on the first substrate stage and the second substrate stage and which 
make no influence with each other, are performed in synchronization with each other. 

46. The projection exposure apparatus according to claim 45, wherein the controller 
controls so that the one stage is stationarily rested to measure the reference mark on 
the one stage or the mark on the sensitive substrate held on the one stage during a 
period for exposing, by projection, the sensitive substrate held on the other substrate 
stage with the image of the pattern formed on the mask. 

47. The projection exposure apparatus according to claim 45, wherein the controller 
controls so that one substrate stage is moved for detecting the next mark in 
synchronization with movement of the other substrate stage for the next exposure. 

48. The projection exposure apparatus according to claim 45, further comprising: 

a mask stage which is movable in a predetermined direction while carrying the 
mask, and a scanning system for synchronously scanning the mask stage and the first 
substrate stage or the second substrate stage with respect to the projection optical 
system, 

wherein the controller stationarily rests the one stage to measure the mark on the 
one stage or the mark on the sensitive substrate held on the one stage during 
movement of the other substrate stage at a constant velocity in synchronization with 
the mask stage. 

49. The projection exposure apparatus according to claim 45, further comprising: 

a transport system for delivering the sensitive substrate with respect to the first 
substrate stage and the second substrate stage respectively, 

wherein the controller controls operations of the two substrate stages so that the 
one substrate stage performs at least one of the mark-detecting operation and a 
sensitive substrate-delivering operation with respect to the transport system, 
concurrently with which the exposure operation is performed for the sensitive 
substrate held on the other stage, while an operation, which is included in the 
delivering operation and the mark-detecting operation to be performed on the one 
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substrate stage and which aflFects the other stage, is performed in synchronization with 
the operation which is included in the exposure operation to be performed on the other 
stage and which affects the one stage, and the controller controls the operations of the 
two substrate stages so that the operations, which are included in the respective 
operations to be performed on the first substrate stage and the second substrate stage 
and which make no influence with each other, are performed in synchronization with 
each other. 

50. The projection exposure apparatus according to claim 45 or 49, wherein the 
alignment systems are arranged on both sides of the projection optical system in a 
predetermined direction; and 

the controller changes the operations of the both stages when the operations of 
the both of the first substrate stage and the second substrate stage are completed. 

5 1 . A projection exposure method for exposing sensitive substrates by projecting an 
image of a pattern formed on a mask via a projection optical system onto the sensitive 
substrates, comprising the steps of: 

preparing two substrate stages, each of which moves independently on a 
two-dimensional plane while holding a sensitive substrate, each stage having a 
reference mark formed thereon; and 

exposing, by projection, the sensitive substrate held on one of the stages with 
the image of the pattern formed on the mask, while stationarily resting the other stage 
to detect the reference mark on the other stage or a mark on the sensitive substrate 
held on the other stage. 

52. A projection exposure method for exposing sensitive substrates by projecting an 
image of a pattern formed on a mask via a projection optical system onto the sensitive 
substrates, comprising the steps of: 

preparing two substrate stages, each of which moves independently on a 
two-dimensional plane while holding a sensitive substrate, each stage having a 
reference mark formed thereon; and 

successively exposing, by projection, a plurality of portions on the sensitive 
substrate held on one stage of the two substrate stages with the image of the pattern 
formed on the mask, and successively detecting a plurality of marks on the sensitive 
substrate held on the other stage concurrently therewith, while determining an order of 
the detection of the marks on the sensitive substrate held on the other stage so that the 
two substrate stages cause no interference with each other. 
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53. A scanning type projection exposure apparatus for exposing a sensitive substrate 
with an image of a pattern formed on a mask by moving the sensitive substrate in a 
scanning direction with respect to an exposure area which is conjugate to an 
illumination area illuminated with an illumination light beam, in synchronization with 
movement of the mask in the scanning direction with respect to the illumination area, 
the projection exposure apparatus comprising: 

a substrate stage which is movable on a two-dimensional plane while holding 
the sensitive substrate; 

a position-detecting system including detecting areas having a width, in a 
non-scanning direction perpendicular to a scanning direction, which is wider than that 
of an exposure area, on one side and the other side in the scanning direction with 
respect to the exposure area, for detecting a relative position of a surface of the 
sensitive substrate with respect to a predetermined reference plane at least at one of a 
plurality of detecting points set in the respective detecting areas along the 
non-scanning direction; 

a substrate-driving system provided on the substrate stage, which adjusts a 
surface position of the sensitive substrate held on the stage; and 

a controller which controls the substrate-driving system on the basis of detection 
result obtained by using the position-detecting system, upon exposure for the sensitive 
substrate held on the substrate stage. 

54. The projection exposure apparatus according to claim 53, wherein the controller 
controls the substrate-driving system on the basis of at least one detection result for 
the plurality of detecting points in the detecting area set on a front side of the 
exposure area in relation to the scanning direction for the sensitive substrate, of the 
detection results obtained by using the position-detecting systems. 

55. The projection exposure apparatus according to claim 53, wherein when shot areas 
in the vicinity of outer circumference of the sensitive substrate are subjected scanning 
exposure from the outside to the inside of the sensitive substrate, the controller starts 
control for the substrate-driving system for adjusting the surface position of the 
sensitive substrate on the basis of a detection result for a detecting point which 
overlaps the sensitive substrate, from a point of time at which at least one of the 
plurality of detecting points overlaps an effective area on the sensitive substrate. 

56. The projection exposure apparatus according to claim 53, wherein when shot areas 
in the vicinity of outer circumference of the sensitive substrate are subjected scanning 
exposure, if only one detecting point overlaps the shot area, then the controller adjusts 
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an inclination of the sensitive substrate by the aid of the substrate-driving system on 
the basis of a predetermined fixed value. 

57. The projection exposure apparatus according to claim 53, wherein when shot areas 
in the vicinity of outer circumference of the sensitive substrate are subjected scanning 
exposure, if only one detecting point overlaps the shot area, then the controller adjusts 
an inclination of the sensitive substrate by the aid of the substrate-driving system on 
the basis of a detection result for the only one detecting point and a detection result 
for another detecting point which overlaps a shot area adjacent to the shot area 
overlapped by the one detecting point. 

58. The projection exposure apparatus according to claim 54, wherein the controller 
previously determines whether a detection result of what detecting point included in 
the plurality of detecting points is used for each of the plurality of shot areas on the 
sensitive substrate, and when a certain shot area on the sensitive substrate is subjected 
to scanning exposure, the controller adjusts the surface position of the sensitive 
substrate by the aid of the substrate-driving system by using only the detection result 
for the detecting point determined for the shot area. 

59. The projection exposure apparatus according to claim 55, wherein the eflFective 
area on the sensitive substrate is disposed inside a prohibition zone defmed over an 
entire surface of the sensitive substrate or at a circumferential edge portion of the 
sensitive substrate. 

60. The projection exposure apparatus according to claim 55, wherein the controller 
judges whether or not any detecting point for the position-detecting system overlaps 
the effective area on the sensitive substrate, on the basis of positional information on 
outer circumference of the sensitive substrate, positional information on the respective 
detecting points for the position-detecting system, and positional information on the 
shot area to be subjected to exposure. 

61. The projection exposure apparatus according to claim 55, wherein the controller 
judges whether or not any of the detecting points for the position-detecting system 
overlaps the effective area on the sensitive substrate by comparing a predetermined 
allowable value with the detection results for the plurality of detecting points for the 
position-detecting system. 

62. The projection exposure apparatus according to claim 56 or 57, wherein when the 
shot area in the vicinity of the outer circumference of the sensitive substrate is 
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subjected scanning exposure, the controller starts, from a point of time at which a 
plurality of detecting points overlap the shot area, adjustment for the inclination of the 
sensitive substrate on the basis of only the detection results for the detecting points 
which overlap the shot area, by the aid of the substrate-driving system. 

1, 

63. The projection exposure apparatus according to claim 57 or 58, wherein the 
controller judges whether or not any detecting point for the position-detecting system 
overlaps the shot area, on the basis of positional information on outer circumference 
of the sensitive substrate, positional information on the respective detecting points for 
the position-detecting system, and positional information on the shot area to be 
subjected to exposure. 

64. The projection exposure apparatus according to claim 58, wherein when the shot 
area in the vicinity of the outer circumference of the sensitive substrate is subjected to 
scanning exposure, if only one detecting point overlaps the shot area, then the 
controller starts adjustment for the inclination of the sensitive substrate by the aid of 
the substrate-driving system on the basis of detection results for a predetermined 
number of detecting points including the only one detecting point and at least one 
detecting point adjacent thereto, and then the detecting point to be used for the 
adjustment for the inclination is successively shifted toward the inside of the shot 
area. 

65. A scanning exposure method for exposing a sensitive substrate with an image of a 
pattern formed on a mask by moving the sensitive substrate in a scanning direction 
with respect to an exposure area which is conjugate to an illumination area 
illuminated with an illumination light beam, in synchronization with movement of the 
mask in the scanning direction with respect to the illumination area, the scanning 
exposure method comprising the steps of: 

projecting a plurality of slit images onto a surface of the sensitive substrate in a 
direction inclined by a predetermined angle so that the plurality of slit images are 
arranged along a non-scanning direction in detecting areas having a width in the 
non-scanning direction perpendicular to the scanning direction wider than that of an 
exposure area and disposed on one side and the other side in the scanning direction 
with respect to the exposure area, during scanning exposure for the sensitive substrate; 

receiving reflected light beams of the respective slit images coming from the 
sensitive substrate; 

calculating, on the basis of photoelectrical ly converted signals thereof, relative 
positions on the surface of the sensitive substrate with respect to a predetermined 
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reference plane at respective detecting points onto which the slit images are projected 
respectively; and 

adjusting a surface position of the sensitive substrate in the exposure area on the 
basis of a result of the calculation. 

66. A projection exposure method for exposing a plurality of shot areas on a sensitive 
substrate respectively with an image of a pattern formed on a mask via a projection 
optical system by moving the sensitive substrate in a scanning direction with respect 
to an exposure area which is conjugate to an illumination area illuminated with an 
illumination light beam, in synchronization with movement of the mask in the 
scanning direction with respect to the illumination area, the projection exposure 
method comprising the steps of: 

selecting some of the plurality of shot areas as sample shot areas so as to include 
shot areas in the vicinity of outer circumference which are set to be subjected to 
scanning from the outside to the inside of the sensitive substrate with respect to the 
exposure area; 

measuring coordinate positions of the sample shot areas respectively; 

detecting a relative position of the sensitive substrate with respect to a 
predetermined reference plane for each of the sample shot areas when the coordinate 
positions of the sample shot areas are measured; 

determining an arrangement of the plurality of shot areas on the sensitive 
substrate on the basis of the measured coordinate positions of the sample shot areas; 
and 

performing positional adjustment of the respective shot areas with respect to the 
image of the pattern on the mask on the basis of the determined arrangement of the 
shot areas while adjusting a surface position of the sensitive substrate on the basis of 
the relative position detected by measuring the coordinate positions, when exposure 
are performed for the respective shot areas in the vicinity of the outer circumference 
which are set to be subjected to scanning from the outside to the inside of the sensitive 
substrate with respect to the exposure area. 

67. The projection exposure method according to claim 66, wherein the relative 
position of the sensitive substrate with respect to the predetermined reference plane is 
detected while moving the sensitive substrate in the same direction as that used during 
exposure upon the measurement of the coordinate positions of the shot areas in the 
vicinity of the outer circumference which are set to be subjected to scanning from the 
outside to the inside of the sensitive substrate with respect to the exposure area, of the 
sample shot areas. 
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